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PREFACE 


This book constitutes the seventeenth volume of the 
series containing the proceedings of the General Meetings of 
the American Iron and Steel Institute. The first volume, con- 
taining the proceedings of the First General Meeting, held 
in New York on Friday, October 14, 1910, and continued 
in Buffalo, Chicago, Pittsburgh and Washington, was pub- 
lished under the title ‘‘Proceedings of the American Iron 


-and Steel Institute.’’ In 1911, no General Meetings were 


held. In 1912 and subsequently two General Meetings 
have been held each year with the single exception of the 
year 1918, the October Meeting of that year being omitted 
because of war activities. In 1912 the proceedings were 
first published under the title ‘‘ Year Book of the American 
Iron and Steel Institute,’’ and this title has been continued 
in subsequent volumes. 

The present volume contains the proceedings of the 
Thirty-first General Meeting, held at the Hotel Commodore, 
New York, May 20, 1927, and the proceedings of the Thirty- 
second General Meeting, held at the Hotel Commodore, 
New York, October 28, 1927. 


Howarp H. Cook, 
Assistant Secretary. 
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AMERICAN IRON AND STEEL 
INSTITUTE 


THIRTY-FIRST GENERAL MEETING 
New York, May 20, 1927 


The Thirty-first General Meeting of the American Iron 
and Steel Institute was held at the Hotel Commodore, New 


- York City, on Friday, May 20, 1927. 


Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the large 
number present, the morning session was held in the Grand 
Ballroom. The afternoon session was held in the East 
Ballroom. The evening session, which included the semi- 
annual dinner, was held in the Grand Ballroom. The ses- 
sions were devoted to the reading and discussion of papers 
dealing chiefly with problems of metallurgy and business. 

On the following page will be found the program of the 
meeting. Judge Gary, President of the Institute, presided 
at the opening of the morning session. At the close of Mr. 
Edwards’ paper, Judge Gary requested Mr. John A. Topping, 
Vice-President of the Institute, to take the chair. At the 
request of the President, Mr. E. A. 8S. Clarke, Secretary of 
the Institute, presided during the afternoon session. Judge 
Gary acted as toastmaster at the banquet in the evening. 
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ADDRESS OF THE PRESIDENT 


ELBERT H. Gary 
Chairman, United States Steel Corporation, New York, N. Y. 


Gentlemen, I present myself as a good soldier, as one of 
you, with the same responsibilities, with the same feelings of 
gratitude for being here, belonging to such an institution 
as this. 

Of course I know, because the newspapers have published 
it, how old I am. (Laughter.) I realize that I should have 
been relieved from this highly respected and very much 
desired position. I know that you have been very lenient 
and very patient. 

I do not think I have ever asked you to do anything that 
you did not do promptly, willingly. I wish I could have been 
a better presiding officer. I wish I could have shown my 
appreciation, but I cannot talk on that subject; it is too 
delicate. I do not think I could stand up if I should under- 
take to express to you how grateful I am for all your kind- 
nesses to me. 

I have not prepared any speech for this morning. I have 
been what seemed to me pretty busy, and although not of 
much consequence I might say that a few weeks ago, practic- 
ing a very foolish thing that I have been accustomed to, I 
put my feet up on my desk—at a directors’ meeting too, while 
I was thinking—my chair tipped over too far, and of course 
I struck the arm of the chair in the very worst place—in the 
small of the back. Since that time I have not been quite up to 
par and my nerves were to some extent shocked, I think. 
This morning I am feeling first rate, strong and vigorous, and 
as happy as any man ought to be. (Applause.) 

I think I will read just a short statement in regard to busi- 
ness conditions. I have been in doubt whether I should read 
this or whether I should tell you offhand, without any prepa- 
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ration, just how I feel about business. It isa little more agree- 
able I think to hear impromptu remarks, but they are not 
always quite as nearly accurate; so I say I have been in 
doubt as to just what I should do. 


‘For nearly three years we have enjoyed a continuous 
period of considerable activity and moderate profits in the 
iron and steel industry. Within that time there has been no 
marked ‘boom’ as formerly that term was generally under- 
stood, but we have been favored with a steady and reasonably 
full volume of business. It is unnecessary to analyze here 
the specific and well-understood reasons which have brought 
about this condition of stability. So far as we can see, there 
have been no changes in fundamentals, nor indications of 
changes, which may operate to seriously interfere with the 
even flow of business which has been so marked a feature of 
recent years. 

‘There has been keen competition, which we must expect 
and should welcome, if sane and reasonable, which frequently 
is not the case. Competition within its proper limitations is 
good for every one. It is an incentive to produce better com- 
modities, to give better service and to economize in cost of 
production. It furnishes added zeal to the enterprise and 
operates to the benefit of producer as well as consumer. 

‘‘Of course, occasionally there will be a recession in certain 
lines, sometimes of considerable degree. This is only natural 
and healthy. It is undesirable to drive the business machine 
continuously at its maximum speed. Nevertheless the busi- 
ness of this country is merely an evidence of the activities, 
aims, ambitions.and energy of nearly one hundred and 
twenty millions of people—an irresistible force which will 
surmount and overcome adverse factors as they arise from 
time to time as a result of natural forces or otherwise; 
although such factors may here and there for brief periods 
tend to slow down industrial and commercial activity. 

“Tt is believed there has been but little, if any, speculative 
buying of steel products, for there are no banked up inven- 
tories of unusual size. Consumption proceeds daily and 
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hourly; the energies of our people necessitate the use of 
our products; any drop below the average in these demands 
will be only temporary. 

“The iron and steel industry, on the whole, is in a strong 
and hopeful condition. This is more or less indicated by cur- 
rent reports of one of the leading steel manufacturers, which 
probably is representative of the average for the whole indus- 
try, namely: 


This Year Last Year 
(Tons per day) (Tons per day) 

New bookings in current month, to date ........ 30,183 30,300 
New bookings for same period, previous month .. 38,382 29,600 
New bookings from January Ist to date......... 41,941 38,700 
Shipments in current month to date............ 47,768 45,200 
Shipments for same period in previous month.... 48,677 47,900 
Shipments from January Ist to date............ 47,634 49,500 


“These figures show a very sound and encouraging 
situation. 

‘‘Our country is rich in resources awaiting development 
and expansion; our national income is large and funds are 
plentiful and cheap; men’s ambitions and incentive are very 
deserving. Supported by well-warranted confidence, the 
effort and energy of the American people, which apparently 
cannot be materially restrained, will push forward on con- 
structive lines. All this means a continuous good volume of 
business and, in general, satisfactory profit returns.”’ 


Opportunities for progress and prosperity in this country 
are better than they ever were before. Every man who 
reads, listens, thinks and understands, must agree to that 
proposition. 

Since I have known anything about the iron and steel 
business there has never before been a time when the govern- 
mental administration was honestly, sincerely and actively 
so much interested as at present in the prosperity of the 
people of this country, and the whole people. 

You have often heard me mention the administration in 
Washington during the last few years. Personally, I know 
very little about them; I seldom see any of them or have 
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any conversation with them, but I have watched very 
carefully and very closely the disposition shown by the 
actions of the different members of that exalted group in 
Washington. 

I would rather have a President and Cabinet that says 
nothing to us or about us that is favorable than to have an 
administration that is always doing something to hurt us, 
yet at the same time professing to do everything that is 
possible to have done. 

I challenge any honest, well-thinking man to say that he 
thinks there is anything in the action of the present adminis- 
tration that is unfavorable to the business interests of this 
country or to any one who is interested in the affairs and 
success of the nation. (Applause.) 

I have seen President Coolidge only twice since he was 
elected to a position in Washington; the last time a long 
while ago. I have never had a word of conversation with him 
about business. I think it is better for him, his administration, 
and for the business men generally if, while he is doing the 
right thing, they keep away from him. If we wish to make 
friends of the President or any of his Cabinet, let us show by 
our business, by our conduct, by our everyday life, that we 
stand for the things that are right and just. In that way we 
will secure their respect, their confidence and their assistance 
when it is asked and deserved. Gentlemen, I could wish that 
every man connected with the iron and steel industry was in 
every respect really as friendly, as fair, as just in his dealings 
with his competitors as the administration at Washington is 
toward us. That is not said for the purpose of finding fault. 
It is not said by way of criticism. We have in the iron and 
steel industry, I think I am justified in saying, as big men, as 
honest and as fair-minded men, who come nearer to being 
perfect gentlemen, as can be found in any line of any business 
anywhere in the world; men who can be appealed to, to do 
the right thing and the fale thing. But we are just as greedy, 
just as selfish as nature has made us, and we cannot throw 
stones at one another. I do think shat sometimes competi- 
tion, which I have said is a great thing for all the people, has 
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been carried too far, and from motives of selfishness we some- 
times secure business for ourselves that really, justly and 
naturally belongs to some of our competitors. 

I think we fail to realize that in the long run, year by 
year, month by month, we will get more business, and cer- 
tainly will get fairer prices, if we act more unselfishly, if all 
the time we consider the rights and interests of our neighbors. 
Some of us meet our competitors in business day by day in a 
most friendly way. We go to their houses, we are glad to 


have them come to our houses, and socially we would not do 


or say a thing to hurt them or any member of their families. 
And then the next day, when we are in our offices, we are 
trying to get business away from those very same people, 
when we know that it naturally and legitimately belongs to 
them. 

Gentlemen, I may say in favor of ourselves, we are too 
big, we are too independent and we have reason to be too 
grateful for favors conferred upon us, to resort to any mean 
tricks in the iron and steel business. Now I am not going to 
specify. If I knew individual cases I would not mention 
the name; I would not intentionally hurt anyone; I have 
too much affection for the members of the iron and steel 


- industry. 


When I think of what the iron and steel business was 
doing, the methods practiced twenty-five years ago, and 
compare that to the present time, I know that it is on a 
very much higher plane now; and if one not engaged in the 
iron and steel business should tell me that one of us or a 
substantial number of us were tricksters, I would resent it 
and would defend the person or persons, because I know what 
the morale of the iron and steel business at the present time 
is as compared with old times. I know how much happier 
we are and how much more prosperous because of the moral 
position which we now occupy. 

Remember, gentlemen, I am talking to the family ; remem- 
ber, I am talking to you just as you talk to your associates 
in business when you are in the office alone. I know that 
all of us do at times resort to competitive practices that are 
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unworthy of us and that we ought not to resort to. You 
know I am getting old enough, I have been with you long 
enough and I have received enough favors from you to be 
justified in saying that I would not unnecessarily say any- 
thing to hurt any of you or hurt myself, but I am telling the 
truth because it is for our benefit and applies to all of us 
more or less, if not to us individually then to our associates, 
our subordinates. 

I am not speaking with the tone of one who wishes to 
scold. I am not speaking as one who thinks he or his company 
is any better than any other, but I am talking to you men, 
full grown men of the highest caliber in every respect, for 
your own good and my own good. Some day after I am gone 
you will remember what I have said and, if not now, you will 
then overlook and forgive, knowing that I would do every- 
thing within my ability and opportunity to benefit you. 

I very often hear in conversation on the street or elsewhere 
what a high-toned lot of people the iron and steel men are, 
and I am reminded of a thing I heard a very eminent clergy- 
man say in Boston many years ago, when I had the oppor- 
tunity of hearing him preach. He said to his congregation: 
“T am forced to tell you what is in my heart. In the prayer 
meeting I think you are perfect saints; and at other times, 
outside of the prayer meeting, I think you are just ordinary 
sinners.”’ (Laughter.) 

Now, you smile at that, because you know it is true. 
(Laughter.) At the same time, we all feel more or less it is 
“the other fellow” who is doing it. 

I could not wish to have better associates than the iron 
and steel men of the United States and Canada. Still, I 
think they ought to be preached to a little once in a while. 
More and more we will understand and our customers will 
understand that it would be better for all of us if we were on 
a somewhat higher plane while competing. 

Now I am not against competition, I believe in it thor- 
oughly and believe it is a great thing, a good thing and a wise 
thing. I believe in the Sherman Law. However, I do not 
think everyone fully comprehends the very great difference 
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between honest, fair and decent competition, and ruthless, 
destructive competition. There can be perfect competition 
and, at the same time, perfect codperation. Now there is no 
contradiction, practically, in those words, competition and 
coéperation. When we help others we help ourselves; and 
the ordinary customer, although we do not appreciate it, 
when he finds us doing tricky things in his favor, has less 
respect for us than he would have if we told him ‘‘ We practice 
what we preach; we are sorry, but we cannot do it.” 

I tell you, as I believe firmly, the man engaged in the 
steel business, at least, will do more for himself, and make 
more money, if all the time, in every transaction, he is con- 
sidering the rights and interests of his neighbor. 

There may be some in this room who say, “‘ Gary is preach- 
ing a beautiful theory.”’ But you will find if you look at your 
books year after year that you have made money by being 
decent, always. 

And remember, while talking to you, gentlemen, on the 
floor, I am talking to that fair-minded, decent, honest man, 
who sits right there, who has general oversight of the selling 
policies of the Steel Corporation; I am talking to him and I 
am talking to him here in your presence, not differently 


from my conversation in my office. But if anyone says he is 


the only one I am talking to, he is very much mistaken. 
(Laughter and applause.) 

It is a beautiful experience with me, gentlemen, when Mr. 
Farrell comes into my office and tells me about this trans- 
action or the other, saying, ‘‘ Now I want to emphasize the 
fact that Mr. So and So”’—I will not call names because you 
would all become too proud,—some of you at least,—‘‘is a 
very decent man on the average. I want to tell you something 
he did that I think was very fair and just; I want to tell 
you that his statements made to me, in due course of busi- 
ness, I find to be reliable.”” Some of you would be happy 
if I should repeat to you the fine things he has said in your 
favor. Now, gentlemen, do not get so proud, all of a sudden 
(laughter) that you think I am modifying any of the language 
I have used. Not at all. It is a fact that this competition in 

2, : ' 
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business such as ours is carried too far; also it is a fact that 
some of our bringing up was wrong. You older men carry 
your mind back thirty years, when you got up at three 
o’clock in the morning to get an order later in the day that 
you knew you were not entitled to; you justified yourselves 
by the fact that, while you were a little mean, your com- 
petitor was a little worse. That is not a justification. 

Now you see I started on this subject that I think is a 
burning one today, gentlemen, and I am liable to talk too 
long. But remember, as I have often said to you, when I 
talk to you about these things that are a little disagreeable, 
I have talked to myself the same way. 

Here is another thing I would like to say to some—I will 
not call them recalcitrants, I will call them new beginners 
who consume themselves with the idea that they must do 
something, even though it may seem a little wrong, to get 
business when they are starting, because it is hard to start. I 
want to say upon that subject, the way to get started, to “get 
going”’ as we call it, is to act right, to act in such a way that 
your own customers will say to you, ‘‘I like to do business 
with you because I know from your conversation that you are 
fair with your competitors and, if you are fair with your 
competitors, you are certainly fair with your customers. ”’ 

One who starts wrong and acts as he ought not to act will, 
in the long run, get the worst of it in dollars and cents. Do 
not forget that. 

It is a great pleasure to talk plainly, as I have been talking, 
to men I know understand thoroughly the motive and believe 
what I say is true. The steel people generally have estab- 
lished for themselves a reputation that is world wide for 
being decent, square, honest, dependable, and occupying a 
higher position morally than they used to occupy years ago, 
a reputation that you not only ought to be proud of , but that 
you must be careful to live up to. 

I thank you for having listened a few moments to what 
you may think unnecessary and not particularly appropriate; 


but if you acquit me of any intention of wrong then I will be 
satisfied. (Applause.) : 
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JupcE Gary: Some of you have established a reputation 
for getting out of this hall a little too soon; you are not going 
to make any money by so doing. The committee on program 
has been for years a hard working committee and have used 
great Judgment, wisdom and discretion in securing some of 
the younger men to read papers and make addresses for our 
benefit. It is true you will have an opportunity of reading 
later what they say; but if you were to make a speech your- 
self you would rather have the people stay and listen to you. 
Generally speaking it is much pleasanter to make a speech, 
especially if it is written so you can read it, than it is to listen 
to one. Not to listen is not quite fair to the one who speaks. 
I want to say that it seems to me the addresses, which we 
have the opportunity of listening to in this hall year after 
year, have done great credit to the gentlemen who have made 
the speeches, and they have been very beneficial to us. 

Please, so far as you can consistently do so, remain in the 
hall for a while, at least as long as you can go without smok- 
ing; I suppose for most of you that is ten or fifteen minutes 
at least. Stay here for a short time and hear these speeches. 


The first address will be on the subject of ‘“‘ Application of 
Welding to a Steel Structure,” by J. H. Edwards, Assistant 
Chief Engineer, American Bridge Company, New York. 


APPLICATION OF WELDING TO A STEEL 
STRUCTURE 


JAMES H. EpWarRpDs 


Assistant Chief Engineer, American Bridge Company, 
New York, N. Y. 


“Designers and fabricators of structural steel have been 
inclined to look with suspicion on welded joints, not because 
their experience with the new methods prompts them to mis- 
trust the integrity of the union, but because of a tradition 
handed down from the time when steel took the place of 
wrought iron as a structural material. During this introdue- 
tory period of steel, its quality was not as uniform as now and 
some unfortunate results were obtained when welds were 
made by the blacksmith method, using the forge furnace and 
hammer. Because of these experiences, specifications for 
steel structures rightly prohibited welding, or reduced unit 
values so low that it was not considered practicable to make 
safe and economical joints under the then existing cir- 
cumstances. 

The development of the present day welding art has been 
in the hands of trained scientists, with a knowledge of the 
metallurgy of the material to be joined, and the physical and 
chemical characteristics of the process. The art is beyond 
the experimental stage, and if welds are designed by those 
who know the safe limits under various conditions of stress 
and manufacture, and the welding be done with suitable 
equipment by trained operators, satisfactory joints can be 
made by any of the methods, gas or electric. 

A description of various welding methods and their appli- 
cation has been very clearly and fully given by Prof. Comfort 
A. Adams in a paper on “Welding of Iron and Steel,” 


presented before the meeting of this Institute on Octo- 
ber 22, 1926. 
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The methods now in use are: 


The Thermit—not adapted to structural steel. 
Resistance—seam or spot—electric. 
Fusion—either gas or electric. 


Fig. 1.—Tested Specimens made to Compare Riveted Joints with Spot- 
welded Joints. 

THE RESISTANCE METHOD, by which welds are made by 
heating and pressing together a limited area of the surfaces 
to be joined, does not seem well suited for structural joints. 
The metal to be welded, usually by lap joints, is pressed 
between electrodes, ordinarily circular and of limited cross 
section to confine the electrical resistance to a small area. 
This area is heated under pressure to a welding heat and then 
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consolidated by an increased pressure. To overcome the 
wear of the soft copper electrodes, projections in the surface 
to be welded may be made mechanically, either by embossing 
or by placing loose pieces called buttons between the contact 
surfaces. The electric current is thereby confined to these 
small areas, and the electrodes can be made somewhat large 
to withstand the welding pressure. 

Fig. 1 shows some tested specimens made to compare 
riveted joints with spot welded joints. The spots were made 
by inserting between the surfaces buttons of the same 


Fig. 2.—Type of Failure of Tested Spot-welded Joint. 


diameter and similarly placed as the rivets. These tests indi- 
cated that, in direct tension stress welds of this type were a 
trifle stronger than the rivets, but in compression members, 
columns and the top flange of girders, rivets, probably due 
to the greater gripping effect, were somewhat more efficient 
than the welds. Fig. 2 shows one of the types of failure 
noticed in those tests. The weld was sufficient to tear the 
base metal. 

The apparatus for making spot welds so far developed is 
cumbersome. It should be fixed in position, not portable, and 
the work passed through the welder. This means special 
handling and assembling operations. By the welding appa- 
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ratus so far introduced, the maximum total thickness of metal 
that can be satisfactorily joined is about one inch. 

THE FUSION PROCESS, using either gas or electricity for 
heating the metal, is well suited to joining structural steel 
members. The tools and equipment, whether hand or ma- 
chine, are easily portable. The work can be assembled and 
held in fixed position and the welding done either by hand 
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Tig. 3.—Methods of Making Various Types of Joints used for Structural 
Purposes. 


or by machine, or if desired the machine can be fixed and 
the work moved. 

Joints.—The various types of joint used for structural 
steel can be readily made by the fusion process. The simplest 
and the one most commonly used up to the present time is 
the butt, where two edges of a plate are welded edge to edge. 
Depending on the thickness, the preparation of the metal 
edges varies from a straight edge. For plates not over %’’ 
thick the edges may be straight, and for thicker plates 
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beveled in form of a Vee and double Vee, as illustrated by 
Fig. 3. Lap joints may be made in various ways by laying a 
fillet or triangular shaped line of welding material along the 
edge of the parts to be joined, as illustrated also by Fig. 3. 

In making any of these welds, the surfaces to be joined are 
heated to plastic state by the gas flame or electric are, and 
the welding material is added by melting a wire of suitable 
material, usually low carbon steel, that unites with the fused 
joint of the parent or base metal. The deposited metal is 
cast steel, and its strength depends to some extent on the 
quality of wire used. Its elastic limit is a much higher pro- 
portion of the ultimate strength, and the reduction of area 
under stress much less, than that of structural steel. 

One of the questions raised is what effect if any does the 
welding process have on the strength of the base material. It 
is generally conceded that for joints of ordinary thickness, 
when the steel has a carbon content below 0.25, there is no 
appreciable change in the strength of the parent material. 

Because of the local heating of the parts, expansion diffi- 
culties are encountered, such as twisting, and buckling. 
Internal stresses may develop sufficiently to tear apart the 
pieces during the welding process. An experienced welder 
soon learns how to meet such expansion troubles as can be 
overcome, and to avoid the impossible. Material to be 
welded should be of uniform quality and free from segrega- 
tion. Because of the necessity of limited small clearance of 
joints (usually not more than 34 6’) the edges may have to be 
finished and surfaces straightened. 

The standard structural shapes now rolled have been 
designed to suit the use of rivets and bolts for making joints. 
These shapes are not the most suitable for the welding 
process. As the welding art becomes more used, shapes more 
economical and better adapted to the welding process doubt- 
less will be demanded and furnished. 

Tests of the strength of welds have been made of many 
commonly used joints, such as the butt joints used in ship 
and tank work. To a limited extent other tests of structural 
joints have been made. Practically all the specimens have 
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been prepared so that the welds would develop the full tensile 
strength of the metal joined. The published tests indicate 
that this can be accomplished. While it is desirable in some 
cases to develop the full tensile strength of the parent 
material, this is not necessarily so. Structural engineers need 
unit values of the strength of welds, in order to properly 
proportion the joints of a structure to carry the stresses pro- 
duced by the loads. Such tests are now being made under 
the direction of a committee sponsored by the National 
Research Council, and the American Bureau of Welding. 

Welding of parts of structural steel is no longer a process 
‘confined to repair of broken parts, an emergency agent. It 
has become an industry, and there are plants that do welding 
exclusively. Welded structural steel parts are gradually 
taking the place of castings in machinery construction, 
because greater strength is obtained at less. cost. In the orna- 
mental and architectural iron work industry, welding is a 
recognized process for joining parts. Structural fabricators 
have been somewhat conservative, because of an inborn 
prejudice against welding, and because the failure of an engi- 
neering structure would jeopardize life and property. While 
the time has not yet come to change completely from rivets 
to welds, fabricators could with safety and economy make 
use of welding in many ways in the ordinary run of fabri- 
cated steel. 

Some completed welded structures have been erected, by 
parties for their own use, and by manufacturers and devel- 
_opers of welding apparatus. As examples, we mention, shop 

for C. B. & Q. R.R., Youngstown Welding Company, Linde 
Air Products Company, Barnes Wire Fence Company, and 
many structures fabricated by the Metropolitan Gas Com- 
pany, Melbourne, Australia. The Morgan Engineering 
Company have used welding quite extensively in their shops, 
and they erected for others a two story garage structure at 
Canton, Ohio. Many examples of parts of structures have 
been described in the technical press and trade papers. An 
all welded five story shop building has recently been erected 
at Sharon, Pa., for the Westinghouse Electric and Manu- 
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facturing Company. As this is probably the outstanding 
example up to the present time of welded building construc- 
tion, a description somewhat in detail will be given of its 
design, fabrication, erection and cost. 

The structure is a five story shop, 70’ wide, 220’ long, with 
eleven 20’ panels longitudinally, and three aisles trans- 
versely. In the lower story, one column is omitted for one 
floor to accommodate a runway for a traveling crane of three 
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Fie. 4.—Cross Section and Plan of Factory Building for Westinghouse 
Electric and Mfg. Co., Sharon, Pa. 


tons lifting capacity. The floors are of wood construction and 
carry a live load of 300 pounds per square foot. 

The building was designed as a standard riveted type. The 
steel skeleton frame consisted of solid rolled columns, and the 
floor framing of rolled beams, except the girders supporting 
the columns above the crane runway, which were riveted 
plate and angle girders. All floor Supports were figured as 
simple beams or girders supported at the ends, carrying into 
the columns only vertical reactions. Fig. 4 shows a cross 
section and plan of the steel skeleton frame of the structure. 
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A design was made for a welded structure to fulfill the 
Same purpose and conditions. The distinguishing feature of 
the welded design was the floor framing, where advantage 
was taken of fixed end condition of beams and girders; these 
being figured as continuous members in flexure with a 
theoretical increase in load capacity of 50 per cent. In place 
of solid rolled column sections, American Bridge Company 
constant dimension plate and angle columns were used, so as 
to make beams framing between columns one length as far 


as possible. The beams were milled to length to obtain 
proper welding clearance, so the duplication was advanta- 
geous to both mill and fabricating shop. 

The Westinghouse Company had previously made a com- 
prehensive series of tests of different kinds of joints that 
might be encountered in a structure of this kind. The tests 
showed that it would be possible to develop the full strength 
of the members by welded joints. On the basis of the results 
of these tests, the detail joints of the Sharon Building were 
determined. These tests have been published in trade bulle- 
tins and technical papers and are available. The unit basis 
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of joint design was a conservative value of 2,500 pounds per 
lineal inch of fillet designated as 5{6’’, that is, a triangle 
whose right angle sides were 346” each. This unit corresponds 
to approximately 8,000 pounds per square inch of contact 
weld surface. Illustrations of the more important details are 
given such as the connection of beam girder and joist to 
column—for continuity (see Fig. 15); detail of plate floor 
girder; and connection of girder to column (see Fig. 16). 
Estimates of weight of steel of the two designs indicated 
a weight of 885 tons for riveted, and 790 tons for welded 
design, the saving being in the floor framing girders due to 
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Fra. 6.—Welded Girder, shown in Fig. 5, after 


Test by Bureau of Standards. 


continuity feature heretofore mentioned. The cost estimates 
for steel of the two designs, using welding costs given by 
the Westinghouse Company, were not far apart. 

The American Bridge Company being desirous to pro- 
mote the welding of structural steel along rational lines, that 
is, by the codperation of welding apparatus manufacturers 
and fabricators, undertook the work on the basis that the 
steel would be furnished at a fixed pound price for all material 
and work, except such material, apparatus and labor as were 
directly connected with the actual welding; that the custo- 
mer would furnish the welding machines and welding wire 
and facilities for training welders ; that all design and making 
of welds would be under the direct guidance of the customer’s 


WELDING A STEEL STRUCTURE—EDWARDS 29 


engineers and inspectors; and that the welding was to be done 
on a cost basis, the cost limited to an amount that would not 
make the total for steel erected exceed the estimated cost of 
the riveted design. 

The American Bridge Company, to satisfy themselves 
that their welders could do the work, and to establish some 
procedure of operation for welding the large second floor 


— 


Fig. 7.—Welded Girder, shown in Fig. 5, after Test by Bureau of Standards. 


girders, turned over to the welders some stock plate material 
with instructions that they try out their skill in making a 
similar girder. No attempt was made to select material for, 
or to design, a properly proportioned girder, only the welding 
of the joints being under consideration. The complete girder 
is made up of a 24” X 14” web with cover plates, with each 
flange of a 12” X 134’ and a 914” X 17” full length (see Fig. 
5). The girder was tested under load at the Bureau of Stand- 
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ards at Washington. It failed by the buckling of the web 
plate at its calculated yield point load, approximately 
400,000 pounds in the center. There were no weld failures 
until nearly the ultimate load of 800,000 pounds was 


Kia. 8.—Portion of Welded Girder (Fig. 5) after Test by Bureau of Standards 


ai 


Showing Failure of Welded Joint. 


reached, when the web plate separated from the flange in one 
of the end panels. : 


Figs. 6, 7, and 8 show the weld failure and the buckled 
web of the girder after the test. 
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This test gave assurance that if the regular welders with- 
out any technical guidance could produce such welding 
results, the girders in the structure when properly designed, 
could be made and depended on to perform their duty. 

Because of the lack of experience of shop and field men in 
welding, the drawings were made very clear for both shop 
and erection joints. Typical illustrations of drawings pre- 
pared are shown on Figs. 9 to 14 inclusive. At the top is 
shown the welded work, and for comparison at the bottom of 
the sheet are drawings of similar members for ordinary 
riveted work. It may be noted that in some cases two sets of 
drawings of the same piece were required of welded member, 
one for shop as indicated by Figs. 9 to 14 inclusive, and one 
for field as indicated by Figs. 15 and 16 while in the case of 
riveted construction only one detail is required, when 
accompanied by an erection diagram with mark indications 
for field erector. The drawing indicating the holes serves the 
shop, and the holes speak for themselves to the field man. 

The welding equipment, furnished by the customer, con- 
sisted of a semi-automatic continuous fillet machine, which 
perhaps because it was more or less in its experimental stage, 
did not seem suitable for the work. One direct current motor 
generator set built for two operators was used to some 
advantage, but did not seem to shop men as suitable for this 
class of welding as the single portable motor generator sets, 
eleven of which were supplied the shop. These machires 
were mounted on wheels, could be easily moved to the work, 
and their operation readily controlled. The plain material 
went through the standard operations for laying out for 
shearing, shearing and straightening, and for punching holes 
required for field bolts for erection. All the material had to 
be straightened to a closer tolerance than is customary for 
riveted work, and the edges of all plates were planed and 
the ends of beams and girders faced so as to maintain the 
clearance demanded by the welding. This clearance was a 
maximum of 346” and was outside the standard mill tolerance 
for commercial structural shapes. From the drawings 
wooden strip pole templets were made for indicating position 
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and extent of welds (see Fig. 17A, Fig. 1*). The welding of 
some of the typical members will be described in detail. 
Crane Girder Columns (see Fig. 17B). Weld lines were laid 
out on the shaft angles by use of pole templet (Fig. 1*). Web 
plate was placed on welding table (Fig. 2*) held away from 
guide angle a suitable distance for flange angle projection for 
welding. Flange angle was then placed on plate and against 
guide angle and securely clamped (Fig. 3*), and stitch welded 
at points approximately four feet apart along toe of angle. 
The piece was next turned over and the opposite angle added 
(Fig. 4*). The piece was now removed to another skid and 
welded as drawing (Fig. 10) indicates (Fig. 5*). Weld lines 
were next laid out on outstanding legs of angles, and the 
sections placed on channel flange on table and clamped and 
welded (Fig. 6*). Angles on the opposite flange were then 
placed using same procedure as already described (Fig. 7*), 
and top section angles added (Fig. 8*). On the completed 
main shaft center and elevation lines were laid out for setting 
details. The detail was marked with a center line correspond- 
ing to shaft center line, and was ‘‘C”’ clamped in correct 
position and welded. The method and procedure of welding 
the constant dimension angle and plate columns are shown 
in Figs. 9*, 10*, and 11*, and the spandrel beams are shown 
in Figs: 15*- 16" anata". 

The bulk of the welding, both in shop and field, was due 
to the design requirement of continuity of fixed end connec- 
tions. In order to carry the stress across the main floor 
girders from ends of joists, heavy bars were welded on inside 
of bottom flange of girder beams as shown in Figs. 19*, 20*, 
and 21*, and the field welding is illustrated by Fig. 18. This 
detail required special planing and beveling. The welding 
was difficult and large in quantity of deposited metal, with 
consequent contraction and expansion difficulties that were 
expensive. Perhaps the most interesting members to the 
structural man are the plate girders supporting the upper 
floors. These were double, single girders in pairs, each made 


_ _* Figures marked with a * refer to subdivisions of Figs. 17A to 17D 
inclusive. 
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up of a web plate 33”” x 1146” and a flange of 1614” X 134” 
plate next web and 1514” x 134’ outside, see Fig. 9. Note 
absence of flange angles of similar riveted construction. 
Figs. 22* and 23* show the welding procedure. All the detail 
operations of welding were accomplished the same as hereto- 
fore described for other members. 

After the shop work was finished and before shipment the 


ime se cnr 


Fic. 18.—Scaffolding Erected for Welders. Workmen Welding Header Beam 
to Intermediate Beam. 


steel was given a coat of oil. Paint should not be used when 
material is to be subsequently welded. 

The field erection was handled in the usual manner with a 
locomotive crane on track placed in center of building. Each 
cross bent or frame was erected full height from base to roof 
as the crane was moved away from the raised portion. Some 
holes were provided in the connections to hold the material 
in place, but they were not enough to bring the members in 
true line. To plumb the skeleton and hold it wire rope guys 

4 
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were required from top to bottom at each cross bent and 
along each row of columns lengthwise for two bays. More 
guys were used than ordinarily for a riveted structure, and 
more careful alignment and adjustment was necessary to 
hold the structure and maintain welding clearances. 


Fia. 19.—Overhead Welding. Workman Welding Splice Plate to Girder. 


Prior to the starting of field erection, the foreman and the 
men who were to have charge of welders, were given a course 
of instruction at the Westinghouse Welding School, also at 
the building site a school was established to train men taken 
from the bridge erection forces. Fifteen men were thus 
trained and tested, but only seven lasted through the job. 
The younger men were more adaptable and made steadier 
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welders. As it did not seem feasible to educate old bridgemen 
as welders, it was decided to try out professional welders. 
These were first tested by making welds on scrap material 
before being put on the work. 


Fre. 20.—Column Splice, also Connection of Floor Girder to Column. 


All the field electric equipment was supplied, installed 
and maintained by the Westinghouse Company. It con- 
sisted of one six-unit, one three-unit, and nine single-unit 
motor generator sets. The three-unit machine was used for 
training and demonstration exclusively. The maximum num- 
ber of welders was fifteen, the average working force was ten. 
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It was estimated that four gangs of riveters, sixteen men, 
could have riveted the work in the same time as it was 
welded. The value of the equipment used for field welding 
is estimated at about sixteen thousand dollars, while the 
equipment for riveting would be about five or six thousand 
dollars. 

Aside from the difficulty in plumbing the frame and hold- 


Fig. 21.—Workman Welding Continuity Plate which Connects Header Beam 
to Intermediate Beam, also Column Connection. 


ing it in proper position by use of wire guys, instead of many 
drift pins in holes, the protection of the eyes of welders by 
shields and helmets, and the precautions necessary to avoid 
fire from sparks that might fall on the welders’ clothing or 
inflammable material nearby, there were no unusual pre- 
cautions other than those met on other field jobs. See Fig. 18 
for scaffolding. The position of welding, as far as possible, 
was arranged so that the metal could be deposited either on 
a horizontal or vertical surface, with the operator in a work- 
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able attitude. Overhead welding should be avoided. In some 
detail connections this was necessary such as batten plates 
on bottom of plate girders illustrated by Fig. 19. Fig. 20 
shows the column splice, also the connection of floor girder 
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Fig. 22.—Westinghouse Building, Skeleton Completely Raised, Welding not 
Finished. 


to column, welded to develop continuity. The connection of 
floor joists to girders is shown by Fig. 21. These are the 
details that furnished the bulk of difficult welding both in 
field and shop. Fig. 22 shows the skeleton completely raised 


and before welding was finished. 
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Costs of welding so far published seem to indicate that 
they were based on the actual time and material used, not 
taking due account of lost time, material waste, and over- 
head or general expense. Accurate cost records were kept of 
all operations connected with this work, particularly the 
welding. These are summarized as follows: 

The amount of welding done in the shop, taking as a basis 
of measurement one hundred inches of single run ?16”’ to %6”’ 
fillet, was approximately 244,000 lineal inches, using 11,700 
pounds of 24’” & 346’’ welding wire electrodes, and the cost 
was $4.18 per 100 lineal inches. In the field, 129,500 lineal 
inches were welded, using 4,882 pounds of 16’’ X 942’ welding 
wire, and the cost was about $8.00 per 100 lineal inches. The 
waste or loss of welding wire was 25 to 30 per cent. and the 
weight of wire consumed ran about 1 per cent. of the weight 
of the structural steel. . 

By comparing the actual costs of this welded structure 
with what a riveted one might be expected to cost, we find 
that there was a saving in material, due to design, of about 
ninety-five tons, or 11 per cent.; the template making was a 
trifle less for welded; the shearing, marking, punching and 
finishing would be about 10 per cent. less for welded, the 
assembling of parts for welding about 100 per cent. more for 
welded, and the welding in the shop not including the use of 
electrical equipment shows a cost four times that of shop 
riveting. The raising of steel in the field, due to extra guying - 
for alignment, was increased about 10 per cent. and the field 
welding cost, not including the installation and use of elec- 
trical equipment, current and training of welders, was about 
the same as the riveting would cost. Prevailing shop and field 
labor rates were paid. Standard overhead expenses are 
included in the costs. After deducting the cost of training 
welders and making due allowance for other items that were 
included in this first job, and would disappear if shop were 
organized for welding, the additional cost of welded struc- 
ture would be about $10.00 per ton, or about $8000. The 
material saved by welded design was ninety-five tons at a 
cost of about $3800, showing an excess cost of $4200 over a 


Te 
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riveted structure, not including use and maintenance of 
electrical equipment, welding wire and cost of training school, 
all furnished by the Westinghouse Company. 

Estimates, based on unit costs determined on this work, 
indicate that the continuity feature of the design as a whole 
cost more than the material saved, besides introducing into 
the design and fabrication some complicated and possibly 
undesirable features. Continuous or fixed end support mem- 
bers have their place in structures, but before being used to 
any great extent all engineering and cost features should be 


_ carefully weighed. 


Based on the experience gained from this work it would 
seem that the all welded skeleton structure is not the most 
economic one. It is possible that some parts of such a struc- 
ture might be welded to advantage. 

By the fusion welding process joints can be made as strong 
as the base metal, and the full gross section of a tension 
member can be used, with no deduction for holes as when 
rivets are used. Due to the greater stiffness of end connec- 
tions, and the ease with which component parts can be more 
rigidly held together, welded details of compression members 
increase their efficiency. By taking advantage of these 
favorable factors, and with the added advantage that will 
obtain when sections more suited to welding are rolled, there 
may be some saving in material that will more than offset the 
extra cost of welding. 

Where existing structures require strengthening because 
of increased loading, material can be added more advantage- 
ously by welding than by the expensive method of drilling 


holes and driving rivets in awkward field positions; also when 


additions are made to structures, welded connections can be 
well and cheaply made with a minimum disturbance of walls 
and exposure of occupants. Furthermore, in favor of welding 
there are other considerations that might be given some 
weight aside frcm economy, such as the elimination of noise 
of riveting in thickly settled communities; another somewhat 
connected factor is the possibility of making welded con- 
nections, for resisting lateral forces such as wind, much sim- 
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pler than the present cumbersome riveted brackets that 
interfere with the architectural treatment of exterior walls 
and interior finish. Welding can be used to supplement 
riveting and will eventually find its economical place. 

Designers and fabricators of structural steel from many 
years of experience have learned the virtues and weaknesses 
of rivets and know how to use them to make safe and eco- 
nomical structures. They are now seeking the fundamental 
facts concerning the welding art on which they can base their 
determination of strength. It is generally accepted by those 
who have had any structural steel welding experience that 
safe and reliable welds can be made by a trained operator 
following a well defined procedure control. There is a de- 
mand for standard specifications and methods of making 
welds by the different processes. Values on some unit basis 
for the strength of welds of different types should be fixed. 
Some reliable way of controlling the mechanical and per- 
sonal element used in making welds, and in testing the com- 
pleted work, should be established. With these factors fixed 
by scientific research and made available to the industry, the 
manufacturers of welding apparatus, the advocates of weld- 
ing as a method of joining steel parts, and the fabricators of 
structural steel, all codperating to solve an engineering and 
economic problem, will doubtless make great progress in the 
development of the art of welding in the structural steel 
industry. 


(At this point Judge Gary requested Mr. John A. Topping, 
Vice-President of the American Iron and Steel Institute to 
take the Chair.) 

THe CuatrMan (Mr. John A. Topping): This very inter- 
esting paper by Mr. Edwards will be discussed by Mr. F. M. 
Farmer, President, American Welding Society, New York. 


Discussion By F. M. FarMER 
President, American Welding Society, New York. 
The American Bridge Company is to be congratulated on 
its broad-minded attitude toward the new art of fusion weld- 
ing as applied to steel structures and on the serious efforts 
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which it is making to determine the merits and limitations of 
welding for use in that particular field. Mr. Edwards will 
have the commendation of the welding fraternity for his 
eminently fair presentation of the case for welding. 

In connection with the application of welding to steel 
structures, I would like to emphasize two points which Mr. 
Edwards has touched upon. One is the matter of design. 
The standard design methods in current use have been 
developed around the necessity for using shapes which were 
commercially feasible to manufacture and the necessity for 
using riveting for the joints. The maximum advantage to be 
_ obtained from the use of welding will only be had when the 
various members used in steel structures and the various 
connections therein have been specially designed for welding. 
The present design methods are the result of years of develop- 
ment and experience. The development of the best designs 
for welding will also require time and experience. But there 
is no question, we believe, that when such designs are 
attained, the advantage of welding will be much greater than 
that pointed out in the paper. We must depend upon you, 
the steel construction engineers of the country, to help work 
out this design problem. Of course our organization has a 
selfish interest in this matter, but so has yours, for you are 
interested in any development that promises reduction in 
costs and extension of the use of your product. But I hope 
that both organizations have enough of the altruistic spirit 
to want to assist any movement that makes for the general 
good, quite aside from a dollars-and-cents motive. 

The other point is supervision. It is obvious that if there 
is no real union between the deposited material and the mem- 
bers to be joined together, an unsatisfactory joint will result. 
On the other hand, if the work is properly done so that real 
bonding is obtained, a unit breaking stress as high as that of 
the parent metal will be obtained. The question is, how can 
we tell whether or not the welding has been properly done? 
No practicable method in the way of a non-destructive test 
of the completed work has yet been developed which will 
answer this question. We do know, however, as the result of 
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innumerable tests and much experience just what procedure 
must be followed to insure good welding. If the procedure is 
controlled so that it is in accordance with what has been 
demonstrated to be necessary to insure satisfactory results, 
absolute confidence can be placed in the weld. In the case of 
shop fabrication, much of the welding can be done by auto- 
matic or semi-automatic machines and the procedure is, 
therefore, automatically controlled. In field work, however, 
most of the welding must be done by hand. Here supervision 
must be depended upon first, to see that the welder is pro- 
ficient as determined by qualifying tests, and then, to see 
that he remains proficient as indicated by check tests at 
intervals, that suitable materials and equipment are being 
used, and most important of all, that the proper procedure is 
being followed by the welder at all times. 

A word about riveting versus welding. Some of our more 
enthusiastic partisans of welding have talked of welding 
wholly supplanting riveting. I am quite sure that the major- 
ity of the welding fraternity does not anticipate any such 
revolutionary change. As Mr. Edwards has said, there will 
doubtless always be construction where riveting is preferable. 
The welding industry asks only for unprejudiced codperation 
in giving welding a fair trial. You are interested only in the 
facts. That is all the organization which I represent desires 
to establish, realizing that permanent progress can be made 
only on that basis, and, that, after all, the process will be 
used in each application which gives the best results, irre- 
spective of any organized effort behind it. 


THe CuatrMAN (Mr. John A. Topping)::The next paper 
will be on “Centrifugal Casting Processes” by John D. 
Capron, Research Engineer, United States Cast Iron and 
Foundry Company, Burlington, New Jersey. 
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CENTRIFUGAL CASTING PROCESSES 


JoHun D. Capron 


Research Engineer, United States Cast Iron Pipe & 
Foundry Company, Burlington, N. J. 


Since the inception of the foundry industry a large pro- 
portion of the castings produced have been annular in form. 


. Undoubtedly, in early times before advances in foundry 


practice made it possible to cast intricate sections, the pro- 
portion of circular castings was even greater than it is today. 
It is not surprising, therefore, that early foundrymen were 
much interested in the development of a process which would 
improve castings of this type or reduce the cost of pro- 
ducing them. 

We are accustomed to think of centrifugal casting as a 
new development in the industry and so little has been 
written on this subject that it is only recently that it has 
attained the dignity of a separate heading in the various 
technical indexes of the country. However, we should not 
overlook the early pioneers or their inventions. 


EARLY DEVELOPMENTS IN CENTRIFUGAL CASTING 


Over a hundred years ago, in 1809, Anthony G. Eckhart of 
England patented a method of casting by centrifugal force 
to ‘‘render the cast more perfect and neat.”’ Eckhart’s 
patents covered the casting of hollow bodies of various shapes 
and his illustrations show molds rotating around vertical, 
horizontal and inclined axes. A combination of rotation 
around two axes was used to form spherical bodies.! Although 
his patents were correct in theory, very little information was 
given as to the method of rotating the molds and insofar as 
is now known, his invention was never used. 

An American, Thomas G. Lovegrove of Baltimore, is 


1‘ Centrifugal Casting,” by A. E. Fay, The Iron Age, February 28, 1901. 
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credited with the next step in the development of centrifugal 
casting. His patents, taken out in 1848, cover a crude appa- 
ratus for rotating a two part mold and offer the first informa- 
tion as to how rotation of a mold was actually accomplished. 
The development of his method was carried forward in 
England by Andrew Shanks sometimes credited with being 
the first inventor to utilize centrifugal force in casting. 
Shanks’ patents are described in detail in the ‘‘Scientific 
American” for December 1, 1849, and it is interesting to note 
that the object of the method, as stated in the patent, was to 
do away with cores and to insure uniform thickness. The 
patent covers a horizontal machine for casting tubes as well 


Fig. 1.—Shanks’ Method of Molding Pipe without Cores. 


as a machine for vertical rotation to cast vessels. The 
Shanks process was originally based on heating the molds 
“to prevent the iron from setting too rapidly.”” This inven- 
tion deserves more than passing notice as the processes 
described were actually used in the production of pipe and 
sheets. Records indicate that in 1852 cast iron gas pipes, 3” 
in diameter and 12’ long, were being made by Shanks and, 
at the same time, iron cylinders were being cast which were 
cut apart and flattened out to form sheets.? 

The theory of the effect of rotation around two axes sug- 
gested by Eckhart was again covered by Peters in his 
machine patented in 1855. Unfortunately, mechanical diffi- 


*“Centrifugal Casting,” by Leon Cammen, Chemi i 
Tusinsatiy Pedvints Se Hee en, Chemical and Metallurgical 
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culties in obtaining the desired rotation prevented the inven- 
tor from accomplishing satisfactory results. 

The German authority, Prof. Enst Sewicki, credits the 
English engineer, Johnson, with the method of casting steel 
wheels.*? Other authorities claim that the method described 
in his patents had been perfected some years previously by a 
Frenchman, Dumery, and was at that time actually in use 
in France. This latter method was undoubtedly ingenious 
and consisted of placing the body of the wheel with a very 
thin rim in a chill and, after bringing the rim up to the fusing 
temperature, rotating the mold and pouring the annular ring 


‘ outside the rim full of molten metal. This method was 


actually used for some time in the foundries of Jackson, 
Petin and Gaudet.! 

The year 1859 was one of remarkable advance in the art 
of centrifugal casting. It was at this time that Sir Henry 
Bessemer perfected a method for casting bars, plates and 
rods of malleable iron or steel from which the gases had been 
removed by centrifugal foree. M. Tresca, in a discussion 
before the Institution of Mechanical Engineers in 1867, 
refers to rails manufactured at the Imphy Iron Works by this 
method as ‘‘remarkably free from blow holes.”’* Some years 
later the Commentry Fourchambault Company tried cast- 
ing ingots for rail rolling in molds placed about a center 
axis like spokes of a wheel. For short ingots this method gave 
good results which, unfortunately, were not duplicated with 
larger ingots.*® 

The Bessemer patents refer specifically to the possibility 
of varying the metal during pouring, so as to give successive 
layers of different metals. By this method better results 
were obtained than Johnson had been able to obtain by 
allowing one casting to cool before the second layer was 
superimposed on it. We find that several inventors were 
~ 8“Ueber Zentrifugalguss, ” by Prof. Enst Sewicki, Zeitschrift des Vereines 
Deutscher Ingenieure, June 25, 1898. 

4“Flow of Solids,’ by M..Tresca, Institution of Mechanical Engineers, 
1867. 


5“Casting Steel Ingots Centrifugally,” by L. Cammen, The Iron Age, 
December 7, 1922. 
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impressed with the advantage of casting dissimilar metals 
together. Just at this time A. A. Needham of Rockford, 
Illinois, proposed a similar method of casting car wheels and 
the French patent of M. Grand for combining tin and lead 
was based on the same theory. Professor Sewicki claims that 
credit for this invention should be given to Huth and there 
seems to be some basis for his claim in that the Huth process 
was actually in service at the time his article was written.! 

During the same year (1859) Freeborn Adams inaugu- 
rated the idea of casting copper tubes in a vertical mold. For 
short tubes this method was satisfactory, but with longer 
sections it was necessary to use cores to prevent the parabolic 
action resulting from the combination of rotative force 
with gravity.! 

No discussion of centrifugal casting would be complete 
without considering the work of Joseph Whitley of Leeds, 
England, whose patents cover the period between 1860 and 
1885. Working alone, or in conjunction with other engineers, 
he perfected many ideas which, although they have not in 
themselves been commercially successful, have aided other 
inventors in solving their problems and have been studied in 
connection with many of the more recent inventions. It has 
been said of Whitley that he had a ‘“‘keen appreciation of the 
controlling influences. ..... of centrifugal castings.’ 

One of his early patents, taken out in conjunction with 
Bower, covers a machine for casting iron wheel tires. The 
patent refers to a mold coated with clay into which iron was 
poured or a pasty wrought iron bloom was forced. The force 
of rotation causes the metal to assume the form of the mold. 
It is evident that the process was not always successful as 
the patent provides that, if the result was not satisfactory, 
the tire “‘could be reheated and rolled; hammered or pressed 
to size.” 7 

Many of his patents covered methods of distributing the 
molten metal in the mold. The first investigation of this 


°“Some Notes on the Develo oment of the Centrifugal Casting Process in 
Great Britain and Europe,” by J. - Hurst, The Metal Industry, October, 1926. 


7“Mechanics Magazine,” December, 1864. 
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type was made with Sampson Fox and resulted in a bottom 
pour ladle mounted on wheels so that it could be run into the 
mold. Holes were placed at regular intervals along the bot- 
tom so that the iron was delivered in a number of streams so 
as to prevent cold laps and uneven thickness.* An interesting 
development of this pouring ladle consists of a trough 
designed with a series of spouts at regular 6” intervals 
throughout its length. As this trough is tipped, iron is fed 
into the mold at several points.’ This pouring device has a 
reciprocating motion of 3” so that during pouring the metal 
is fed in with a weaving motion giving the effect of a woven 


‘fabric. This patent also covered the introduction of com- 


pressed air into the mold to neutralize ‘“‘the vacuum caused 
by the great heat in the respective molds.”’ This vacuum, 
they claimed, resulted in iron with ‘‘ drawn and blown holes.’’® 

The next important patent was taken out by Whitley, 
working independently. He suggested the use of a heat 
resisting packing as a mold lining to conserve the heat in the 
casting and give greater density and tensile strength. Several 
subsequent patents apply to this idea but apparently Whitley 
was not successful in departing from the permanent molds in 
use at that time. This inventor also suggested the idea of 
weighing the metal before pouring to control, the thickness of 
the casting, as well as a method of removing the casting from 
the mold by means of a screw.® 

One of the most interesting of the early inventions was 
that of Chalmers in 1867. He proposed to place pipe molds 
radially like the spokes of a wheel. In addition to the rota- 
tion of the molds around the central hub each individual 
mold rotated about its own axis. It was expected that this 
combined rotation would eliminate the need of cores.! There 
is no record that this method was successful but the idea of 
similar molds mounted on opposite sides of an axis is used 
today to form intricate castings. 


8 “British ERS Centrifugal Casting,’’ by Gwilym Williams, The Foundry, 
March 15, 1920 

9“Targe Diameter Centrifugal Pipe,” by J. E. Hurst, The Iron Age, June 
11, 1925 
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Thompson made use of his patent, dated 1873, to produce 
lead sheets by the centrifugal method. A cylindrical mold 
rotating horizontally was used, and, after the molten lead 
had set in the form of a cylinder, it was cut longitudinally 
and flattened out. Reference has been made to the uni- 
formity in thickness and freedom from defects of sheets cast 
in this way.* Almost the same year, C. W. Torr combined 
the researches of other inventors and patented a process for 
casting tubes in a rotating horizontal mold. His machine was 
designed for casting long pipes of non-ferrous metals.! 

Years of investigation were beginning to bring results and 
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Fig. 2.—Early Centrifugal Mold for Car Wheel Tires. 


in the Journal of the Iron and Steel Institute for 1882 we find 
a reference by F. W. Webb of Crewe to locomotive drive 
wheels cast by centrifugal force. The writer referred to the 
“sound clean wheels”? which resulted from this method of 
casting. Today it seems remarkable that the results were 
satisfactory as the rotation was held down to 40 or 50 R.P.M. 

Professor Sewicki refers to G. Hoper as the first inventor 
to consider the shape of the spout for carrying metal into the 
mold. His patents, dated 1890, cover also the casting of metal 
into spiral molds which were later drawn unto wires. Shortly 
afterwards, E. P. Férster of Berlin worked out some develop- 
ments of the original Shanks’ patents. He made use of a 
spout which could be drawn from the mold. The methods 
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suggested were too complicated to be practical, but the prin- 
ciples evolved were of value in the later development of the 
art of centrifugal casting.® 
The problem of introducing the molten metal into the 
horizontal mold without splashing has been given much 
attention by engineers. In 1891, Lane suggested that the iron 
be introduced into the mold in a narrow stream to which had 
been imparted a rotary motion. As the mold is being poured 
it is gradually withdrawn so that the metal is deposited con- 
tinuously over the entire surface of the mold.° 
Centrifugal force was utilized commercially late in the 
* Nineteenth Century to eliminate blow holes in steel ingots 


for rolling. Credit for the development of this process is due 
to J. L. Sebenius of the Nykroppa Steel Works (Sweden). 
The ‘process was simple. Two molds were suspended on a 
yoke and on opposite sides of the hub. These were filled with 
steel and the machine rotated. Centrifugal force caused the 
swinging molds to assume a horizontal position and at the 
same time forced the impurities and gases out of the steel.!° 
Several installations were made in the various plants of the 
Company mentioned and they were operated for a number of 
years. Unfortunately, the method was not adaptable for use 
with large ingots and since the death of the inventor the 
method has been abandoned.’ 

Many great engineers have tried to solve the difficulties 
of centrifugal casting and in 1895 we add the name of Sir 

10“‘Sebenius Rotator for Steel Ingots,’’ The Iron Age, December 15, 1892, 
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Hiram Maxim to the list. The plan of this inventor was to 
make pipes in a continuous length by centrifugal force. Metal 
was fed into a rotating mold tapered towards the feeding end 
so that the liquid metal pressed the molded pipe forward in 
front of it. At the end of the mold the pipe was cooled by a 
water jacket and was solidified sufficiently to pull out onto 
rollers.® 

The Nineteenth Century closed with most of the ele- 
mental research on centrifugal casting completed. However, 
there were many minor problems as yet unsolved and a 
review of the first six months of 1900 discloses five patents 
granted on centrifugal casting machines. Among these 
patents is a horizontal casting machine invented by Ferdi- 
nand Deming of Waterbury, Connecticut. This machine is 
equipped with pistons, one of which blocks off the mold until 
the proper time when the molten metal is admitted as a body. 
The other piston serves to remove the ingot after pouring.! 

Several inventors have tried to make use of the fact that 
metal cast centrifugally around a vertical or inclined axis 
assumes the form of a parabola. Taylor and Wailes in their 
English patent, dated 1878, refer to the “ring-shaped section 
of a paraboloid of revolution”? assumed on rotation around a 
‘vertical axis. The same phenomenon is referred to by Davies 
(1870), Huth (1895), and Stridsberg (1900). Theoretically, 
at least, this parabolic action could be used to form castings 
of a desired shape and it has been used for casting hollow 
tapering brass tubes.! 


THE DELAVAUD CENTRIFUGAL PRocEsS OF CasTING Piper 


The first centrifugal process to be used for the commercial 
production of heavy ferrous castings on a large scale was 
invented by Demitri Sensaud deLavaud. Convinced that 
many of the difficulties of centrifugal casting were due to the 
molds used by the early inventors, deLavaud started in 1914 
a series of experiments on casting pipe in permanent rotary 
molds. Heated molds were first used without success, as it 


“Control of Centrifugal Casting by Calculation,” by Robert F. Wood, 


Mechanical Engineering, November, 1921. 
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was impossible to withdraw the pipe for at least three min- — 
utes after pouring. After experimenting with molds heated 
to various temperatures, it was decided to try a cold mold. 
The inventor had to pour the pipe himself as his foundrymen 
were afraid of the action of the hot metal on the cold mold. 
The first pipe cast in this way was satisfactory and could be 
withdrawn in a few seconds after pouring. No provision for 
cooling the mold had been made and as operation continued 
and the mold gradually heated it became increasingly diffi- 
cult to withdraw the pipe, indicating that hot molds caused 
the earlier troubles.” As a result of these experiments, prin- 
ciples were developed which have since been followed in the 
commercial production of centrifugal castings. 

After devoting two years to further development of this 
process, deLavaud had a machine built in Buffalo with a 
view to introducing the process into the United States. He 
was not immediately successful in convincing foundrymen 
in this country that their problems were solved, but in 1917 
the National Iron Works, Ltd., of Toronto, took over the 
rights of Canada.'* Commercial production was started 
almost immediately in their foundries and the plant has 
operated continuously up to the present time. Shortly after 
this the Centrifugal Cast Iron Pipe Company and the Inter- 
national deLavaud Manufacturing Corporation, Ltd., were 
organized to control the development of this process. 

In 1921 the United States Cast Iron Pipe and Foundry 
Company obtained the rights for the deLavaud process for 
making pipe in this country and experimental work was 
immediately started at their Burlington Works, Burlington, 
N. J. The development of the process on a commercial basis 
proceeded rapidly and early in the next year construction of 
a battery of four machines was started at their Birmingham 
Plant. This plant was put in commercial operation in the 
fall of 1922 and the process proved so successful that the 

2“ A Centrifugal Machine for Casting Pipe,” The Iron Age, September 7, 
se “Centrifugal Cast Iron Pipe,” The Iron Age, November 29, 1917. 


4“ Casting Iron Pipe Centrifugally,” E. C. Kreutzberg, Iron Trade 
Review, September 27, 1923. 
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battery was duplicated shortly after that time. Since then a 
second plant has been built at Burlington. This plant now 
comprises nine machines which is actually half the expected 
ultimate capacity.” 

The deLavaud process for casting pipe centrifugally is 
essentially simple. Each unit consists of four parts. At one 
end of the machine is a pouring basin or tilting ladle (A) 
designed to feed the iron into the mold at a predetermined 
and constant rate. From the pouring basin the iron is con- 
veyed into the mold by means of a spout (BC) long enough 
to reach to the extreme end of the mold. The end of the spout 
(C) is turned at an angle so that the molten iron flows into 
the mold in the plane of rotation. The entire machine is set 
at a slight angle with the horizontal so as to cause the iron to 
flow down the spout. This angle is too slight, however, for 


Fig. 4.—The deLavaud Machine for Casting Pipe Centrifugally. 


the action of gravity to effect the distribution of the iron 
once it is in the rotating mold. 

The mold (EF) itself is of steel and its inner surface is just 
the contour of the outside of the pipe. A motor or a water 
wheel (G) serves to rotate the mold in its casing (HJ). The 
annular space between the mold and the casing is filled with 
the cooling medium which keeps the mold at a constant 
temperature. In addition to the rotation of the mold, the 
mold and casing have a horizontal traverse slightly greater 
than the length of the pipe. This permits the distribution of 
the iron in the mold. 

In actual operation the end of the mold away from the 
pouring basin is first blocked off with a stop plate (K). On 
this plate is the core for forming the lead space in the bell of 
the pipe. This is the only core in the operation and is needed 


_ “Opens Pipe Foundry in East,’”’ E. C. Kreutzberg, Iron Trade Review, 
September 16 and 23, 1926. 
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to form the enlarged interior diameter of the pipe at this 
point; for pipe having a uniform inside diameter such as 
plain end pipe or flange pipe no core is necessary. 

After this step the pouring basin is charged with enough 
iron to form one pipe. The mold is then advanced until the 
spout extends nearly through the mold so that the iron flow- 
ing out of the end of the spout will enter the bell cavity. With 
the mold rotating at a speed of approximately 600 R.P.M. 
(for a 6’’ pipe) pouring is started. As stated above, the iron 
flows as nearly as possible into the plane of the rotating mold 
and centrifugal force holds it against the inner surface of the 


‘mold. As soon as the molten iron fills the bell cavity the 


horizontal travel of the mold is again started; this time, how- 
ever, it travels away from the pouring basin. In this way 
iron is fed into each part successively and the pipe is built up 
throughout its length. The surface of deLavaud pipe shows 
some evidence of the spiral ribbon of metal from which it is 
built up, but so rapid is the pouring that there is no evidence 
of segregations in the metal itself. 

At the end of the horizontal travel of the mold, the spout 
is beyond the end of the pipe and any excess metal flows into 
a pig basin at the side of the machine from which it is later 
reclaimed. The entire pouring operation takes only a few 
seconds and the pipe may be immediately withdrawn. This is 
accomplished by placing tongs in the bell end of the pipe and 
again advancing the mold allowing the pipe to roll out on skids. 

The short time the pipe is in the cool mold produces only 
a surface chill and minor casting strains which are removed 
by placing the pipe in an annealing oven. After bringing the 
pipe well up towards its critical temperature it is allowed to 
cool slowly as it rolls through the oven. The idea of anneal- 
ing cast iron pipe is not a new one and pipe cast by the older 
methods were required by specifications to be allowed to 
‘soak’ in the mold until they had lost the “‘color of heat.”’ 


EFFECT OF THE DELAVAUD PROCESS ON THE [RON 


The deLavaud process was developed essentially to give 
a method of economically casting pipe of uniform section. 
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However, the force under which deLavaud pipes are cast, as 
well as the action of the cold mold and subsequent annealing, 
improves the physical properties and microstructure of the 
iron to a marked degree. 

It has been stated that ‘‘the high tensile strength of the 
deLavaud pipe is undoubtedly due to this unusual combina- 
tion and arrangement of structural elements.” !° The reduc- 
tion in the size of graphite flakes is obvious in the micro- 
photographs. In this connection it is well to recall Professor 
Sauveur’s statement regarding the effect of graphite on 
strength, ‘‘There is no doubt but that, other things being 
equal, the finer and less angular and sharp the graphite 
particles, the stronger must be the iron.” 17 


Sand Cast deLavaud 


F 1a. 5.—Microphotographs of Samples of Iron taken from Center of Wall 
of Pipes made by Sand Cast and by deLavaud Processes. Magnification = 
X 100; etched with 10 per cent. nitric acid in alcohol. 


The iron used in the process is the same as that used in 
making sand cast pipe. Test bars were poured from this iron 
before it entered the centrifugal machine. An average of nine 
bars, each 2” X 1” in section, placed flat and supported on 
24"’ centers loaded at the middle supported a load of 2087 
pounds with a deflection of .36’’.18 

After being cast into pipe by the deLavaud method, trans- 
verse test bars were cut from the walls. These bars were yy" 
x 14” in section and were supported on 1114” centers. Each 

16“ A Study of deLavaud Centrifugally Cast Cast Iron,” by Arthur Phillips, 
Asst. Prof. of Metallurgy at Yale University, March 16, 1923. 

“Transactions, American Institute Mining Engineers,’ Vol. XLV (1913). 

6 This test and those which follow are taken from the Underwriters’ Labora- 


tories Report on deLavaud Cast-Iron Underground Water Pi o: Hictietich, 
No. 758, June 12, 1923. ™S P guisher 
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of the bars tested failed between 225 and 250 pounds load. 
These tests indicate an increase of strength of 65 per cent., 
as shown by the M,, of 37,000 pounds per square inch for the 
first bars and M,, of 62,000 pounds per square inch for the 
bars after centrifugal casting. Tensile bars cut from these 
test sections show similar results. The untreated iron had 
an average tensile strength of 20,242 pounds per square inch 
compared with 35,658 pounds per square inch for bars cut 
from the completed pipe. 

In considering these tests it should be borne in mind that 
the strongest part of the deLavaud metal, 7.c., the outer layer, 


“has been removed by machining. For this reason actual 


bursting tests on the deLavaud pipe are far more indicative 
of its true strength. Full 12’ lengths of pipe were tested. 
The bell end was threaded and a threaded cap was screwed in 
place; the spigot end was closed by means of a stuffing box 
held in place in the regular foundry test press. This type of 
testing apparatus limits the stresses in the pipe to those 
imposed by the internal test pressure. 


STRENGTH OF PIPE 


Average Minimum Average Bursting Average Tensile 
Wall Thickness, Pressure lbs, Strength lbs, 
Inches. per sq. in. per sq. in, 
6” Sand Cast Pipe... 0.50 2475 14,600 
29,200 


6” deLavaud Pipe... 0.39 3730 


As a result of an independent investigation, Professor 
Gillespie of Toronto University summarized the change in 
physical properties resulting from the deLavaud process by 
stating ‘‘the strength in tension and cross-bending, the 
resistance to shock and the stiffness are about twice as great 
for machine made iron as for the sand cast product.”’?° 

As long ago as 1840, Robert Mallet in “An Extensive 
Study of the Corrosion of Metals” made for the British 
Society of Civil Engineers stated that of two metals having 
approximately the same chemical composition the denser 
would resist corrosion to a greater extent. That the finer 


19 “ A Departure in Pipe Foundry Practice” by Peter Gillespie, Journal of 
the American Water Works Association, September, 1922. 
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grain of deLavaud pipe is corrosion resisting has been 
brought out by the soil corrosion tests now being conducted 
by the National Bureau of Standards.?° This is probably due 
to some extent to the uniformity of deLavaud metal and its 
freedom from impurities. It is estimated that the force 
available for the elimination of gas and impurities is thirty- 
two times as great for a 6’’ pipe cast centrifugally as for the 
same pipe made by the old sand cast method. 

deLavaud pipe fulfills the expectations of the inventor in 
that it is remarkably uniform in thickness. Variation of 
thicknesses average under 0.02” throughout the circum- 
ference. When we consider that sand cast pipe often varies 
as much as 0.12” circumferentially the accuracy of deLavaud 
pipe becomes more remarkable.2! 

deLavaud’s hope for economy has also been fulfilled and 
pipe cast by his method is sold at a lower cost per foot than 
the heavier sand cast pipe. This saving has been made possi- 
ble, however, by numerous improvements in the details of 
the process itself. In 1919, the plant at Toronto was turning 
out 15 pipes in an hour; today the regular output is more than 
double this figure for 6’ pipe. Obviously the process is no 
longer in the experimental stage and there are now many 
thousand miles of deLavaud pipe in sizes from 4” to 20” 
giving satisfactory service here and abroad. 

At present there are eight companies operating under the 
deLavaud patents for making cast iron pipe: 


The United States Cast Iron Pipe and Foundry Com- 
pany—Plants at Birmingham, Alabama and Burlington, 
New Jersey. 

The National Cast Iron Pipe Company (Sub-licensees 
of the above Company)—Plant at Birmingham, Alabama. 

The Stanton Iron Works Company, Ltd.—Plant at 
Stanton, England. 

Tsuda & Company 


Plant at Osaka, Japan. 


*0 “Soil Corrosion Investigation,” by K. H. Logan, Journal of the American 
Institute of Mining and Metallurgical Engineers (1927). 


“Strength Properties of Cast Iron Pipe Made by Different Processes as 


. Found by Tests,” by Arthur N. Talbot, Journal of American Water Works 
Association, July, 1926. 
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The National Iron Corporation, Ltd.—Plant at 
Toronto, Canada. 
Compagnie Generale des Conduites d’Eau—Plant at 
Liege, Belgium. 
Hoskins Iron & Steel Company, Ltd.—Plants at Sidney 
and Lithgow, Australia. 


Gelsenkirchener Bergwerke—Plant at Gelsenkirchen, 
Germany. 


Orner CENTRIFUGAL PROCESSES 
Recently there has been developed a method of casting 


pipe by centrifugal force known as the ‘“‘Sand-Spun”’ or 


“Mono-Cast”’ process. This differs in several essentials 
from the deLavaud process. An individual sand-lined mold 
is used for each pipe and the iron is introduced while the 
mold is warm, the full charge of molten metal to form the 
pipe being poured into the tilted mold. The mold is then 
rotated and as the desired speed for casting is approached 
the mold gradually assumes a horizontal position. This 
process is now being used commercially by R. D. Wood 

Company of Florence, New Jersey, and the American Cast 
Iron Pipe Company of Birmingham, Alabama.” 

_ The Hurst-Ball system of centrifugal casting is now in use 
in the foundries of Centrifugal Castings, Ltd., of Kilmarnock, 
Scotland.’ Originally the use of this system was limited to 
short cylinders of rather large diameters such as piston rings, 
engine cylinder liners, wheels and roll castings from 10’’ to 
30” in diameter and up to 36” in length. The process makes 


~ use of hot steel molds kept up to the required temperature by 


turning out the castings in rapid succession. It was impracti- 
cal for use in making long tubes of small diameters as con- 
traction on cooling such tubes was so slight that they must 
be allowed to cool quite materially before being withdrawn.” 
Through the development of a pouring spout, somewhat 


similar to that of Whitley described previously, cast iron 


2 “Centrifugal Pipe from Sand Molds,” The Iron Age, April 15, 1926. 


23 ‘Seeks Material for Hot Molds,’’ by Leon Cammen, Iron Trade Review, 
December 9, 1926. 
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pipe 36” in diameter and 12’ long have been produced. This 
device consists of a tilting pouring spout equipped with a 
helical weir edge approximately the length of the casting to 
be produced. The iron is fed into the mold by partially 
tilting the spout which feeds the iron continuously, starting 
at one end of the pipe and ending at the other. 

One of the most recent of the various methods of casting 
pipe centrifugally is the Henry-Weitling-Peake process. In 
this method the mold is kept at the correct temperature by 
circulating hot mercury vapor under pressure around the 
mold. The patent includes provisions for retaining the 
mercury which may be used continuously. Another patent 
controlled by this Company covers the use of permanent bell 
cores of gas carbon as well as the use of carbonaceous linings 
of the mold.” 

For a number of years Stokes Castings, Ltd., of Mansfield, 
England, has been making castings centrifugally and their 
work has been taken over recently by the Sheepsbridge 
Stokes Centrifugal Castings Company, Ltd.2° The Stokes 
process makes use of permanent molds heated from the cast- 
ings. Various types of rings and cylinder linings are made 
by this process.?° 

Centrifugal casting is the ideal method for casting piston 
rings and in addition to this application of the Stokes and 
the Hurst-Ball systems there are several others in use. The 
interest that manufacturers take in this seemingly small 
product may be realized when we consider that the Ford 
Interests alone use 16,000,000 rings each year. One foundry 
makes use of the deLavaud process for casting rings with 
only slight modifications from the method described for 
casting pipe.?’ 

In direct contrast with the method of casting rings in cold 
metal molds is that used by the Wasson Piston Ring Com- 


*4“Centrifugal Cast Pipe,” The Iron Age, December 25, 1924. 
* “Builds Centrifugal Castings Foundry,” Iron Trade, August 14, 1924. 


** “Producing Centrifugal Castings,” by H. Cole E Tron T ; 
March 30, 1922. 8 8 y ole Estep, Iron Trade Review 


“Casting Rings in Centrifugal Machine,” by E. F. 
October 3, 1918. g achine,” by E. F. Cone, The Iron Age, 
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pany, Plainfield, New Jersey. The rings made by the Wasson 
method are surrounded on three sides by sand during casting. 
In addition, the rotation is vertical, the iron being poured into 
the center of a dry sand mold representing four rings con- 
nected by gates. Piston rings in almost all sizes are now being 
made by this method.?* The British Piston Ring Company, 
Ltd., of Coventry, England, casts piston ring pots centri- 
fugally. From these pots the individual rings are subse- 
quently cut. 

For some years, castings of odd designs have been pro- 
duced centrifugally. This has been accomplished by placing 


- molds of similar volume on opposite sides of a vertical axis 


and rotating them. As a result of centrifugal force the iron 
fills the most intricate mold and the impressions are sharply 
reproduced. In addition the castings are remarkably free 
from impurities. Experiments made on castings of this type, 
but of non-ferrous metals, have been carried on for some time 
and it is hoped that the process will be developed commer- 
cially in the near future.?° 

In his paper on ‘‘The Development of the Centrifugal 
Process in Great Britain”? before the American Foundry- 
men’s Association late in 1926, J. E. Hurst stated that ‘‘the 
development of the application of the centrifugal process to 
the production of castings in steel has not been so extensive 
as in the case of cast iron.”’ He refers to the Davis Steel 
Wheel process as the only application of importance in 
England. This process is used by John Brown and Company 
of Sheffield to secure a manganese steel rim on wheels. 

In this country, as well as in England, most of the work on 
the application of centrifugal processes to use with steel has 
been of an experimental nature. A method of casting steel 
pipe in hot molds has been given much attention and one 
process has already been patented. The same inventor, Leon 
Cammen, has patented a method of casting steel ingots and 


“Piston Rings Cast Centrifugally,” by H. E. Diller, The Foundry, 
February 15, 1920. 

29 “Complex Centrifugal Castings,” by R. L. Binney and N. I. Terbille, 
The Foundry, May 1, 1924. 
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plates centrifugally. His process makes use of a ‘‘bottle 
neck”’ mold to eliminate splashing.*° 

The MeConway and Torley Company operating under the 
McConway patents casts disk-shaped ingots in permanent 
molds. The feature of this process is that the metal is placed 
under pressure of 500 pounds per square inch by means of 
a hydraulic piston as the metal sets. This, it is claimed, 
forces all impurities and gases through the pouring hole in 
the center of the mold.*! Steel tubes and ring-shaped ingots 
have been produced in this country under the Milspaugh 
patents. Castings of this kind were used in the exhaustive 
investigation of centrifugally cast steel made by George K. 
Burgess of the Bureau of Standards.*” 

As is the case with steel, non-ferrous alloys are melted in 
“batches” and, therefore, it is difficult to have available a 
continuous supply of molten metal such as is desirable for 
centrifugal casting processes. Yet, in spite of this handicap, 
centrifugal processes are in use in other industries. The 
difficulty of producing perfect brass and bronze tubes by 
ordinary methods has long been recognized. Since 1918 
experimental work on the development of a centrifugal 
method for casting such tubes has been under way. 

Centrifugal force has also been used to produce aluminum 
and monel metal tubes, copper bands and large cast iron 
paper rolls. Unusual applications of centrifugal casting 
include the manufacture of concrete pipe, the casting of 
babbitt bearings and the application of wax coatings to the 
outside of paper rolls. 

Professor Sewicki, the first authority to write exhaustively 
on centrifugal castings, listed the objects of this process 
as follows: * 


1. To produce dense castings, free from blow holes and 
as a result having greater strength. 
© “Centrifugal Casting,” by Leon Cammen, Transactions American 
Society of Mechanical Engineers, 1922. 


“New Patented Process for Steel Casting,”’ Railway and Locomotive 
Engineering, March, 1923. 


* “Tests of Centrifugally Cast Steel,” by Geor e K. Burgess, The Iron Age 
March 24, 1921. ore g ge, 
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2. The elimination of the use of a core resulting in 
economy of operation. 

3. To fill the molds completely and insure sharp out- 
lines in the castings. 

4. To influence the chemical changes in the metal 
during casting. 

5. To make possible the combination of two or more 
metals in a casting. 


It is interesting in considering the various processes 
described to note how successfully each of the methods 
, attains one or more of these objects. 


THE CuatrMan (Mr. John A. Topping): There will be a 
brief discussion of Mr. Capron’s paper first by Mr. Walter 
Wood of the R. D. Wood & Company, Philadelphia, Pa. 
Mr. Wood apparently is not here. . 

This paper was to have been discussed by Mr. MacKenzie, 
Metallurgist, American Cast Iron Pipe Company of Birming- 
ham, Ala., but unfortunately he has been unavoidably 
detained and was unable to get here. In his absence I will ask 
the Secretary to read Mr. MacKenzie’s discussion. 


Discussion By JAMES T. MAcK@ENZIE 
Metallurgist, American Cast Iron Pipe Company, 
Birmingham, Ala. 

We congratulate Mr. Capron on his excellent paper, but 
think he has failed to give Professor Talbot’s work the con- 
sideration it merits. This work was published by the 
American Water Works Association (referred to in footnote 
21 of Mr. Capron’s paper) and by the American Society for 
Testing Materials in Part 2 of the Proceedings for 1926.* 

It gives a very fine comparison of the two commercial 
centrifugal products with the standard vertical sand cast 
product when subjected to the tests indicated by the title. 

-* “A Study of the Relation Between Properties of Cast Iron Pipe Tested 
Under Impact, Internal Pressure and Flexure, and the Corresponding 


Properties Found in Several Kinds of Specimens Taken Therefrom,” by 
A. N. Talbot and F. E. Richart. 


78 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


The data are taken from a large number of specimens 
submitted by the manufacturers, as well as a great many 
purchased from the stocks of users, and is undoubtedly the 
most authoritative piece of work ever done on cast iron pipe. 


THE CHarrMan (Mr. John A. Topping): I will eall on 
Mr. James E. Lose, Superintendent Carrie Furnaces, Car- 
negie Steel Company, Rankin, Pa., to read his paper entitled 
“The Operation of Large Hearth Furnaces, using Coke Made 
from One Hundred Per Cent. High Volatile Coal.” 


din 
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THE OPERATION OF LARGE HEARTH FURNACES 
USING COKE MADE FROM ONE HUNDRED 
PER CENT. HIGH VOLATILE COAL 


James E.. Loss 


Superintendent Carrie Furnaces, Carnegie Steel Company, 
Rankin, Pa. 


The increase in blast furnace output during the past few 


“years has been of such magnitude that it may be considered 


the most outstanding feature of their recent development. 
Analysis of the cause of the increased output shows it to be 
the result of several factors. One of the most prominent has 
been the general installation of large hearth furnaces, which 
have proven beyond doubt their ability to make more iron 
of equal or better quality, with no more and usually with less 
coke per ton of iron than is possible with smaller hearth 
furnaces. 

Another factor of equal effect upon the tonnage increase 
has been the tendency to drive the furnace to the upper limit 
of wind capacity, consistent with, and in some cases in spite 
of, the economic relation between increased furnace loss and 
decreased cost above. Several reasons are to be found for this 
development. One is the new installation of single furnace 
plants built during periods of excessively high construction 
costs. Such furnaces are usually operated on picked raw 
materials and are pushed to the upper limits of capacity in 
order to reduce the per ton cost of interest on the extremely 
heavy investments they represent. The high tonnages pro- 
duced by these plants became an incentive for other furnace 
operators to reach higher outputs and resulted in a spirited 
competition between plants. Also, as the large hearth fur- 
naces were built in increasing numbers at different plants, it 
was found that what was formerly considered the upper 
limit of wind capacity no longer held true and that a con- 
siderable increase could be made in the wind blown, and 
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consequently higher production realized with little detriment 
to other features of operation. 

These conditions have resulted in a nearer approach to 
maximum possible production than ever before realized. A 
clear example of this is seen in Table A, a comparison of a 
year’s operation of two furnaces of equal size, Furnaces No. 6 
and BH, located at the South Chicago Plant of the Illinois Steel 
Company. The performances given are for the year 1919 for 
No. 6 Furnace, and for the year 1926 for E Furnace. The 
comparison shows E Furnace to have produced 121.6 tons 
more iron per day, and that it was blown with 15.9 per cent. 
more wind per minute. This comparison is an indication of 
the results being obtained in the very recent campaign for 
higher tonnages, and shows that the full possibilities of the 
large hearth furnaces were not realized for some years after 
they were developed. 

TABLE A.—COMPARISON OF TWO FURNACES OF EQUAL SIZE FOR 


YEARS 1919 AND 1926, SHOWING TENDENCY IN LATTER PERIOD 
FOR HIGHER WINDS AND HIGHER PRODUCTION 


No. 6 Furnace. E Furnace. 
Diameter of Hearth -..5> talc. 2) eee 20’ 9” | 20°9” 
Average daily production, tons............. 600 721.6 
Total ore, cinder, scale, etc................ 4661 4235 
Groas coke; Ibe. penton <7ccme oe. 1972 1877 
Neticoke,1hs, ner tans. sa eo. y cece ace xc 1972 1871 
Limestone, lbs. perton................... | 673 801 
Scrap used over produced, lbs. perton...... _| —48 +7 
Flue dust produced, lbs. perton............ 257 265 
Flue dustused ye ye ore toe sick © es 159 250 
Mesaba ore, percent. used ................ 100.00 74.7 
Cubic feet of wind per minute............_. 44726 51860 
Temperature of blast, °F.................. 1114 1201 
Actual yield of metallic mixture............ 48.91 52.7 


The development of the blast furnace hearth, credit for 
which rests with the Edgar Thomson Plant of the Carnegie 
Steel Company, and later with the South Chicago Plant of 
the Illinois Steel Company, dates back over two decades. 

No discussion of the present features of operation is com- 
plete without some history of the development, including an 


analysis of the operating difficulties and the steps taken to 
overcome them. 


. 
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Starting with a hearth size of 14/0” ina furnace of about 
22’0’’ bosh, the hearth was steadily increased during the first 
ten years to about 18/0” with no appreciable increase in the 
bosh or other sections of the furnace. This change resulted 
in a gradual steepening of the bosh angle, and a lowering of 
the bosh height. 

During the second period of development, the bosh was 
also increased in size, but to a lesser extent than the hearth. 
The second phase included no further steepening of the bosh 
angle and therefore resulted in still lower bosh heights. An 


additional effect of the second development was an increase 
‘ of the inwall batter caused by the larger bosh. In analyzing 


this gradual change of hearth size with its resultant changes 
in other dimensions of the furnace, we find that it had for its 
incentive certain very logical reasons. The small-hearth, 
flat-bosh furnaces had given good results with hard ores, but 
were unsuccessful with the gradually increasing percentage 
of Mesaba ore. Irregular working, checking and slipping, 
coupled with poor quality of iron, high coke consumption 
and low production, was the rule rather than the exception 
during this period. Inability to keep the stock moving 
smoothly through the furnace indicated that its lines were 
not properly designed to suit the needs of the soft Mesaba 
ore. The flat boshes of these furnaces being the factor that 
offered the greatest impediment to the movement of the 
stock, it followed that the first development of value in 
eliminating this detrimental condition was a steepening of 
the bosh angle. The most feasible method of doing this with 
no great effect on the other parts of the furnace was an 
increase in the hearth diameter. As each step in this develop- 
ment bore its fruitful reward in smoother furnace operation, 
with its attendant advantages, it became evident that still 
another benefit was being derived. The larger hearth made 
it possible to burn more coke and burn it more economically 
than had been possible with the smaller hearth. This was 
obviously due to the larger area presented for the combus- 
tion of the coke. The zone of fusion became lower, causing 
an intensifying of the temperature of the hearth, therefore 
6 
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reducing the amount of coke required per unit of iron to 
produce the necessary heat. 

The second phase of development, which included the 
increase of both hearth and bosh diameter, extended the two 
features just mentioned to proportionally larger limits, and 
at the same time introduced a new feature which added still 
more to the smoothness of the furnace operation. This new 
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Ita. 1.—Composite Drawing showing Graphically the Changes in 
Furnace Lines during the Past Two Decades. 
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element was the increase in the batter of the inwall. Just as 
the flat, high bosh of the early days had retarded the move- 
ment of the stock, in the same way, but to a lesser extent and 
with less serious effect, the comparatively vertical inwall of 
the furnace tended to retard the stock. This, coupled with 
the characteristic action of the easily reduced Mesaba ores in 
the deposition of carbon and the consequent swelling of the 
stock in the upper zone of the furnace, caused excessive roll- 
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ing and checking. This not only increased the production of 
flue dust, with a consequent loss of economy, but also resulted 
in disarranging the distribution of the burden, with marked 
effect upon the production, coke’rate, and quality of iron. 
Increasing the inwall batter being made readily possible 
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Fig. 2.—Comparison of Lines of Carrie Furnaces 
Nos. 1 and 2 with Lines of No. 7. 


by the larger bosh sizes, its adoption was a matter of course, 
and eliminated to a great extent these undesirable features. 

A composite representation of the development of the 
large hearth furnace is shown in Fig. 1. It may be seen from 
the figure that the major changes in lines have occurred in 
the lower part of the furnace, and are responsible for the 
nomenclature “large hearth furnaces.” 
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The steps taken in this development at Carrie Furnaces 
were not as gradual as in most cases. After increasing the 
hearth size to the limit consistent with the desired bosh angle, 
it was impossible, on account of the small shell diameters, 
to gain the advantage of the joint increase in hearth and bosh 
and the resultant increase in inwall batter. This restriction 
existed until permission was received to rebuild these furnaces. 

Starting on a rebuilding campaign April 1, 1925, the 
rebuilding of four furnaces was completed by November 15, 
1926. Two of the furnaces are 20’8” in hearth diameter and 
two are 21’6” in hearth diameter. The lines are shown 
in Fig. 2. 

In order to properly serve the increased demands of the 
larger furnaces, it was necessary to rebuild or remodel 
practically all of the furnace auxiliaries, which were already 
taxed to the limit to meet the requirements of the existing 
500-ton furnaces. A brief history of the manner in which 
these changes were made will, no doubt, prove of interest. A 
recent installation of turbo blowers at furnaces Nos. 1 and 2 
had already met their wind requirements. Furnaces Nos. 6 
and 7 were blown by 42” x 54/’ x 72’ gas engines equipped 
with Slick air tubs. These engines were remodeled to 44” 
x 54” X 74” size, and the Slick tubs replaced by automatic 
plate inlet and discharge valves. 

The existing stoves were of the large checker, three-pass 
type, 21’ * 90’ in size. They were raised twenty feet, relined 
with 414’ square checker openings, and equipped with 
pressure burners, attaining a capacity of 1300° F. straight 
line heat with a wind volume of 50,000 cubic feet per minute. 
To meet the requirements of the small checker stoves it 
became necessary to install gas washers. Feld type washers 
were adopted for this purpose because of their ability to wash 
the gas well enough (1) to eliminate the deposition of sludge 
in the mains and the consequent trouble of cleaning, and (2) 
to wash the gas sufficiently clean to be used in boilers. These 
washers eliminated the difficulty experienced with the tower 
washed gas caused by the excessive sludge baking on the 
outside of the boiler tubes and lowering boiler efficiencies. 


LARGE HEARTH BLAST FURNACES—LOSE 85 


The existing bins were of the Brown parabolic type, 
having intermittently located doors operated by steam 
cylinders at one group of furnaces and electrically operated 
doors at the other. Two larry cars and five men per turn were 
required to fill each 500-ton furnace. The parabolic features 
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Fig. 3.—Arrangement of Stock House at Carrie Furnaces Nos. 6 and 7. 


of these bins were retained and the Brown doors were replaced 
by continuous hand operated doors. Modern two-pocket 
larry cars equipped with indicating and recording scales 
were installed. A unique feature of the stock house is that by 
the adoption of interlocking electrical controls of skip and 
bells, the installation of large skip cars with high speed 
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hoists, the use of automatic skips to remove the coke braise, 
automatic gauge rods to test the furnace, electrically 
operated grizzly type coke screens, and the judicious loca- 
tion of controls, it is possible to do all the labor incident to 
filling a 700-ton furnace with ore, coke, and limestone with 
a force of one man. The duties of the single operator are not 
at all excessive and it is felt that no additional men will be 
required up to the capacity of a 900-ton furnace. 

Fig. 3 shows an arrangement of this stock house. The 
controls for operating the skip cars and coke screens are 
located on a board at the skip hole just in front of the larry- 
man. The bells are electrically interlocked with the skips 
and operate in their proper sequence with no attention from 
the larryman other than the running of the skips. The skips 
are filled with coke by operating the control of the grizzly 
screens; the coke braise produced is removed by a small auto- 
matic skip which is electrically interlocked with the main bell 
and makes a round trip every time the main bell is dumped. 
The usual skip operator is thus eliminated. No man is neces- 
sary to poke down the ore either from the top of the bins or 
from a platform below. 

The design of the furnace proper includes the accepted type 
of hearth and bosh construction consisting of a deep cast iron 
hearth jacket, a steel plate tuyere jacket with inserted cool- 
ing plates, and alternate bosh bands and rows of bosh cooling- 
plates. No cooling of the brickwork above the mantle is done, 
as it is felt that with proper distribution of raw materials 
and sufficient thickness of lining none will be required. 

The stock line is protected by L-shaped annealed steel 
casting plates set in the brickwork, this type of construction 
having given good service at several plants. The distributing 
mechanism at the furnace top combines the features of good 
stationary distribution and of the McKee rotating top. 

Filling of the furnace is usually done in the following 


manner: 


1 skip ore 
1 skip coke 
1 skip ore dump large bell. 
1 skip stone 
1 skip coke 
Coke unit 9000 pounds to 12,000 pounds. 


hee ee ee re 
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This method embodies the features of stratified filling 
the advantages of which were pointed out in Mr. George W. 
Vreeland’s paper! on ‘‘The Distribution of Raw Materials 
in the Blast Furnace,” and in Mr. J. A. Mohr’s paper? on 
“Methods of Charging Raw Materials into the Blast Fur- 
nace.’’ Other fillings are used at times as the furnace con- 
ditions dictate. 

The raw materials used are as follows: Ore—Mesaba 90 
per cent.; Old Range 10 per cent.; limestone is of average 
quality containing 2 per cent. silica and 50 per cent. avail- 
able lime. The coke is made at the Clairton Coke Works 
from 100 per cent. high volatile Klondike coals, and while 
much credit must be given to this plant for their marked 
success in producing the existing quality of metallurgical 
coke from an admittedly poor grade of raw material, never- 
theless the coke is inferior to that produced by ovens using 
a mixture of high and low volatile coals. The feature of cost, 
however, does not permit the use of low volatile coals at this 
plant and it becomes necessary for the furnace operator to 
use every means at his disposal to compensate for the defi- 
ciencies existing in coke quality. 

Coke, from both physical and chemical standpoints, has 
long been recognized as the most important raw material 
in its effect upon furnace operation. The importance of the 
coke in maintaining the permeability of the stock column 
has increased with the general replacement of hard ores by 
the soft and fine Mesaba ores. It is natural, therefore, that 
an analysis of any furnace operation cannot be made without 
full knowledge of the physical and chemical properties of the 
coke used in that operation. 

A description of the characteristic features of the coke 
made at the Clairton plant follows: Clairton coke, by which 
name it will be referred to, is of considerably smaller size 
than coke made from a mixture of high and low volatile 
coals; it also contains more cross fractures, which cause it to 
break more in handling. As a result, even though the coke 


1 Yearbook, American Iron and Steel Institute, 1916, p. 106 sq. 
2 Yearbook, American Iron and Steel Institute, 1919, p. 231 sq. 
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is well screened at the coke plant, it contains considerable 
fines by the time it reaches the furnaces, and must be 
screened again to remove the fines before charging. Follow- 
ing is an average analysis of Clairton coke received at Carrie 
Furnaces during the year 1926. 


ANALYSIS oF CLATRTON CoKE 


SiO. 
Ash, Sul. Phos. Vol. M. Fixed C, aye 
11.12 1.01 0.013 1.02 86.88 5.61 


The fixed carbon is relatively low, and as an increased 
part of the carbon must be used to melt the higher ash con- 
tained, still less of the fixed carbon is available for the melting 
of the gangue in the rest of the burden. As a result, the silica 
content of the ores used must be kept low to prevent exces- 
sively high slag volumes, thus reducing the percentage of 
high silica ores that can be used without adversely affecting 
economy of operation. . 

The need of intensive screening of the coke at the furnace 
is further emphasized by the fact that the dust screened out 


is of very poor quality chemically, as may be seen from the 


following analysis: 


Ash. Sul. Fixed Carbon. SiOz in Ash, 
19.10 1.05 77.67 10.00 


The removal of such an inferior part of the coke from both a 
chemical and physical standpoint effects a decided improve- 


ment of the coke as a furnace fuel. The effect of the high . 


percentage of ash and other constituents of the Clairton coke 
will be discussed more in detail in the following analysis of 
furnace operation. 


OPERATION OF THE FURNACE 


As noted in the foregoing description of the furnaces and 
auxiliaries, the furnaces are amply provided for in all of their 
requirements as to heat, wind, filling, distribution, ete. Their 
lines are almost identical with furnaces of similar size operat- 
ing, coke excepted, on very similar raw materials. Therefore, 
it may be assumed that any deficiencies occurring in the 
operation of the furnaces are due either to the difference in 


a 
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coke quality or to the method of operation. All of the iron 
produced is basic pig iron and in the operation it is endeay- 
ored to maintain the silica content of the iron at its proper 
low limit by increasing the burden rather than by increasing 
the basicity of the slag. This method is generally recognized 
as the most economical in coke and the most productive in 
quantity of iron. The slag is kept as lean as possible, con- 
sistent with proper desulphurization of the iron, thereby 
achieving the economies resulting from the lower fusion 
temperature and greater fluidity of the slag in the furnace 
bosh. The benefits of high blast temperatures are recognized, 
and every effort is made to gain the advantage in coke econ- 
omy, better desulphurization, and higher production result- 
ing from the use of higher blast temperatures. The amount 
of wind blown is carried to the very upper limit consistent 
with furnace loss, coke economy, and regular driving of 
the furnace. 

Regularity in the movement of the furnace is of first 
importance in this operation, for with fine Mesaba ores, 
checking and rolling result in a large production of flue dust. 
A lighter burden than desired is then carried down to the 
bosh, the furnace becomes hot, and the silicon content of the 
iron increases. Due to the higher silicon content of the iron 
and to the fact that the high production of flue dust has 
carried much silica out of the burden which would normally 
reach the tuyeres, the furnace becomes limey, and forces the 
lowering of the blast temperature and generally deranges 
the operation for a period of several days. 

Operations such as are described above are in marked con- 
trast to those where hard ores are used and where it is possible 
to blow extremely high wind even though high pressures and 
checking result. Such irregularity of operation has little 
effect upon the production of flue dust from hard ores, due to 
the increased permeability of the charge and to the fact that 
but little of the ore is carried out of the furnace. The Trum- 
bull furnace operation of several years ago was a characteris- 
tic example of this type of operation. Very high wind was 
blown, the blast pressure ranged from 18 pounds to 25 
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pounds and the furnace checked practically continuously, yet 
due to the use of hard ores the operator was able to main- 
tain high production with low flue dust loss, excellent coke 
practice, and good quality of iron. 


PRopuCcTION OF [RON 


The quantity of iron possible to produce from a given 
furnace is dependent upon the chemical and physical proper- 
ties of all raw materials used. The main properties of the raw 
materials which affect this feature of operation are fineness 
of ores, reducibility of ores, size and strength of coke, ash 
and sulphur content of coke, combustibility of coke, size and 
purity of limestone, and last but not least the maintenance of 
uniformity of all materials. 

In the operation at Carrie Furnaces the raw materials 
used have the following inferior qualities: the ore is ex- 
tremely fine; the coke is small in size and not strong, and is 
also high in ash and sulphur content; and the limestone is 
irregular in size. The favorable qualities of these materials 
are reducibility, chemical and physical uniformity of ore; 
uniform chemical quality of coke; and usually uniform analy- 
sis of limestone. Combustibility of the coke has not been 
mentioned; however, this is a highly important factor in 
furnace operation and will be discussed more in detail under 
the heading of Coke Rate. 

As indicated previously, the factors effecting production 
are humerous and it is admittedly impossible to determine by 
theory the maximum production obtainable. Therefore, the 
only manner of determining whether a furnace is up to maxi- 
mum production is a comparison with other similar size fur- 
naces operating on similar raw materials. 

Table B gives the average records of Carrie’s large hearth 
furnaces over the entire period of their operation, and 
in addition gives the individual records of their highest 
average production for a period of one month. These produc- 
tions are comparable with equal size furnaces operating on 
soft ores and using coke made from 100 per cent. high volatile 
coals. They are, however, somewhat less than that of furnaces 
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using the same ores but using coke made from a mixture of 
high and low volatile coals. This indicates that such coke is 
superior to Clairton coke in quality. This conclusion is 
further strengthened by the experience of the Jones & 
Laughlin and the Weirton Plants, that have operated on both 
types of coke. Both plants have proven to their own satis- 
faction that the production can be increased about 10 per 
cent. by changing to coke made from mixed coals. They give 
as the reason, their ability to blow higher winds with no in- 
creased production of flue dust; and no increase, but rather 
a decrease in coke rate, and their ability to carry higher blast 


“temperatures. This indicates that the stock column has 


been made more permeable to the blast, and that the coke, 
either due to higher blast temperatures or increased com- 
bustibility, burns more readily with a lower zone of fusion, 
permitting higher winds with no increase in the coke rate. 


TABLE B.—DATA CONCERNING THE PERFORMANCE OF CARRIE 
FURNACES NOS. 1, 2,6 AND 7 ON THEIR PRESENT LININGS 


2 z FI 
sal £ 2 Fl 
ce = 3 3 & Dust. 5 ; Blast. 
20/3/31] 2) ¢ [83 Es 
Bet Al oO.) ele (Ps ea eke 
Pa Ac Gh lie ahd tae eS hele Shek VS 
S o & Q o 
Sla);orovs2 je |hists | ea 
No. 1 Furnace Average 
on Lining... ...- 15 | 680 |1975) 124 |1851| +60/319|190/49206/1017) 20.3 
Best Month....... 734 |2020| 150 |1870) +76)234/186|/51626/1178) 20.8 
: A 
a At dees es 19 | 644 |2098] 120 |1978| +36/380|112|47712| 977) 19.7 
Best Month....... 703 |1974| 103 |1871| +62]/404/233/49690) 890] 19.8 
: A 
2 ere Vassar 5 | 689 |2126] 114 |2012|/+ 1/334)/111/48297|1037| 21.3 
Best Month....... 727 |1980} 132 |1848] +46]340|175|/50742) 954) 22.3 
: A 
aS hae ee 7 | 715 |2086| 124 |1962| +28/374)116|50066| 1052) 20.5 
Best Month....... 752 |2068| 150 |1918) +51/386} 60)51251/1049) 21.1 


CokE RATE 


The net coke rate at the Carrie furnaces compares favor- 
ably with any present operation regardless of types of Taw 
materials used. This is unusual as, compared on the basis of 
the generally accepted standards affecting coke practice, 
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they have many unfavorable operating conditions affecting 
the coke rate. Their gross coke rate is high because of the 
large amount of screenings that are removed at the furnace. 
This is the characteristic practice of all plants using Clairton 
coke, as it has been definitely established that with this coke 
the improved furnace operation resulting from intensive 
screening more than compensates for the amount of coke 
lost thereby as furnace fuel. The cost ofClairton coke is low, 
and a comparatively slight improvement in furnace practice 
compensates for the loss of the coke screened out. At plants 
where coke prices are high, the economic relation may change 
to an extent that forces the use of fines with the rest of the 
coke in order to prevent the wasting of high priced fuel. This 
condition I believe is largely responsible for the divergence of 
opinion existing among operators upon the value of screening 
the coke at the furnace. 

Among the adverse factors affecting Carrie’s coke rate is 
the low fixed carbon content, which averages 86.88 per cent. 
Since carbon is the only content of coke useful to the furnace 
operation, the value of a coke is directly proportional to its 
fixed carbon content. Other adverse factors are the high 
sulphur content which necessitates a high basicity of slag 
to insure good quality of iron; a higher ash content, causing 
higher slag volumes; and finally the necessity of a low blast 
temperature on account of the furnace reaction. A high ash 
content can be compensated for by the use of lower silica 
ores, but the inability to use high blast temperatures must be 
reflected in higher coke consumption. However, in spite of 
these generally recognized deficiencies, the coke rate at 
Carrie is very good. In analyzing this unusual condition one 
is forced to the conclusion that the speed of combustion of 
Clairton coke is better than that of other coke seemingly 
more free from the handicaps observed, and that the advan- 
tages gained by this one feature are sufficient to compensate 
in a large part for all of the detrimental characteristics 
mentioned. 

The rate at which coke is burned to CO, by the oxygen of 
the blast and this CO, later converted to CO by the incan- 
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descent coke farther from the tuyeres, has been generally 
considered a variable, dependent mainly upon the character 
of the coke, and this rate has been termed the combustibility 


of the coke. 


Due to difficulty in maintaining test conditions similar to 
that existing in the furnace, experiments to determine this 
combustibility have not reached the stage where conclusions 
are dependable. A series of such experiments was made at 
Carrie Furnaces in 1922. They included only Clairton coke, 
and therefore brought out no comparative values in the com- 
bustibility of various cokes. They did, however, indicate very 

- definitely that the combustibility of a given coke is directly 
dependent upon size, and as this feature of the test agrees 
with my conclusion and was in fact to a great extent respon- 

_ sible for such conclusion, it is herewith shown. 


TABLE C—TEST OF SPEED OF COMBUSTION OF COKE RELATIVE 
TO THE EFFECT OF COKE SIZE 


in = Gas Analysis. 
a ‘ t . 
Kind of Coke. Charged. pete Residue. ae Poe ae 
’ Pounds. | Pounds, | Pounds. : 
Clairton, natural size.....| 100 47.0 53.0 12.4 9.6 0.8 
Clairton, natural size.....| 100 43.5 56.5 18.8 leds 0.8 
Clairton, crushed to 
through 1144” Sereen...| 100 57.0 43.0 20.8 4.0 0.0 
Clairton crushed to 
through 1144” Sereen...| 100 59.5 40.5 23.8 2.4 0.1 
Clairton, crushed to 
through 1” Sereen.....| 100 65.5 34.5 22.0 1.6 0.2 
. Clairton Domestic Coke,*| 100 63.5 36.5 22.8 5.6 0.0 
Clairton Domestic Coke,*) 100 63.0 37.0 27.6 2.0 0.0 


* Domestic Coke averages about 114” in size. All samples were thoroughly 


screened over 14” screen. 


The test was made by burning the coke in a brick-lined 
furnace 14” in diameter and 46” high; the air was supplied 
through the bottom of the furnace at a constant rate in the 
following manner: The air pressure was kept constant at 
120 ounces on one side of a diaphragm containing a 3°¢’’ hole. 
‘As the pressure on the furnace side was only 20 ounces, and 
varied but little from this pressure, the total pressure drop 
through the orifice stayed within 1 per cent. or 2 per cent. 
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of the average in all cases, thus guaranteeing a constant 
supply of air. 

Previous to making the burning test a preheating charge 
consisting of 10 pounds of small wood and 50 pounds of coke 
was put in the furnace. This was burned at test conditions 
for two hours. The furnace was then cleaned out, and 
immediately filled with 10 pounds of small wood and filled 
to the top with test coke. The blast was then turned on, and 
the test continued for two and one-half hours, during which 
period all of the 100 pound sample was charged. At the 
end of this time the residue was cleaned out of the furnace 
and weighed. The amount of residue was subtracted from 
the original 100 pounds, giving the amount of coke burned. 
Gas analysis was taken at intervals from the top of the 
furnace and the averages of these are given in the results. 

The test showed conclusively the marked increase in com- 
bustibility effected in the same coke by reducing the size. 
The results obtained are further substantiated by the gas 
analysis which shows for the slower burning coke a lower CO 
content and a higher CO, content than obtains with the 
faster burning coke. 

This test brought out also the necessity of maintaining a 
definite relation between height of test furnace and quantity 
of wind blown, because if the test furnace were sufficiently 
high so that the reaction CO. + C = 2CO were completed 
in all cases, then with the same quantity of oxygen supplied 
there would have been equal amounts of carbon burned’ 
and the test would be valueless. 

Referring back to the comparison of Clairton coke with 
the other coke, it was stated that Clairton coke is smaller and 
also contains more cross fractures, which cause it to break 
up still more in its passage through the furnace. The result is 
that the size of this coke in the furnace bosh is very small, and 
by virtue of its small size the combustibility is increased. 
This, I believe, accounts for the ability of operators using 
Clairton coke to compare favorably in coke rate with others 
using higher blast temperatures. The greater surface exposed 
by the smaller coke per unit of weight is no doubt entirely 


a 
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responsible for the increased rate of combustion in accord- 
ance with the well-known fact that the speed of combustion 
of a given substance is dependent upon the surface exposed. 
The gain in combustibility by this method is, however, not 
to be recommended, since the evils in the use of small coke 
are many, and in most cases will suffice to overbalance the 
advantages gained. The theory, however, is interesting, and 
it is possible that in certain operations where blast pressures 
are low, the movement of the furnace is smooth, and fluid 
acid slags can be carried, crushing the coke to a size consist- 
ent with the maintenance of smooth regular operation possi- 


‘bly would result in a betterment of coke practice with a 


consequent increase in production. Operators using hard ores 
especially, since they are not dependent upon the coke alone 
to maintain permeability of the stock column, would seem to 
have an excellent opportunity to try out this possibility. 

It would seem then that the coke should have two definite 
physical qualities: First, it should be sufficiently large, 
dependent upon the fineness of the rest of the burden, to 
establish permeability of the stock column that will result 
in a smooth driving furnace with low flue dust production; 
second, it should be sufficiently small upon entering the bosh 
to effect a rate of combustion at the tuyeres consistent with 
good fuel economy. As these two desirable qualities are 
diametrically opposed, it follows that neither can be fully 
realized, and a compromise must be made, dependent upon 
the operation considered. 

One other factor favorable to lower coke rate in operation 
with Clairton coke is the high blast pressure experienced, 
which is 2 pounds or 3 pounds greater than obtains in most 
operations, the greater pressures having the effect of acceler- 
ating the reaction in the furnace bosh. 

Before leaving the subject of coke rate and combustibility 
of coke, mention should be made of tests made at a number 
of furnaces by the Bureau of Mines, under actual operating 
conditions, of the speed of combustion of coke. These were 
made by traversing the section in front of the tuyeres with 
water-cooled tubes through which gas samples were drawn. 


96 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


The conclusion of the investigators as a result of these tests 
was that complete combustion of the coke to CO is accom- 
plished at a fixed distance from the tuyere nose (about 40’’) 
in all cases, regardless of coke size, coke quality, blast tem- 
perature or velocity of wind through the tuyere. Such con- 
clusions are directly opposed to the theories held generally 
by furnace operators based upon their observations of actual 
operating conditions. While full consideration must be given 
to the Bureau of Mines for the extreme thoroughness of its 
work and the high class of its investigators, operators in 
general are not prepared to accept results so directly oppo- 
site to theories that agree in every respect with their actual 
experiences. 


Buast TEMPERATURE 


The beneficial effects gained by heating the blast became 
known in the early days of furnace operation, and with the 
exception of the period of transition from hard to soft ores, 
the limits of blast temperature have increased steadily 
throughout. their development, until at the present time 
heats as high as 1300° to 1400° F. are used at many plants. 

Efforts to avail Carrie furnaces of the advantages of the 
extremely high blast temperatures used in modern practice 
have not so far been successful. The large hearth furnaces 
have shown a marked inability to use much more than 1000° 
to 1100° F. temperature. Any attempts to raise the tempera- 
ture above these limits result in increased blast pressure, the 
furnace becomes irregular, and checking and rolling occurs. 

The necessity in this particular operation of maintaining 
regular movement of the furnace, so as to prevent excessive 
production of flue dust and the consequent derangement of 
the furnace, has been emphasized previously in this paper. 
Therefore, the best results in operation are found where the 
blast temperature is held within the limits consistent with 
regular driving of the furnace. In analyzing this, two eon- 
ditions are found that seem mainly responsible for the trouble 
existing. Both of them are dependent upon the generally 
accepted principle that a limey furnace will not take the heat. 


. 
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The first of these conditions is the fact that in order to 
keep within the desired sulphur specification of .040 per 
cent. and under in the iron it is necessary, due to the rela- 
tively high sulphur content of the coke (1.01 per cent. 
average) to run fairly limey final slags. The ratio of bases 
to silica in the slags averages about 1.4 to 1, whereas on 
furnaces using coke of low sulphur content ratios of 1.15 
and 1.20 to 1 are usual. 

The second condition is due to the relatively higher silica 
content of Clairton coke, averaging 5.61 per cent. Taking an 
average burden, 25 per cent. of all the silica in the charge is 


- contained in the coke. This silica is not released to the slag 


until the coke has been burned at the tuyeres. It follows that 
the lime content of the slag formed above the tuyeres is 
greater than that of the final slag in proportion to the per- 
centage of the total silica of the burden contained in the coke. 

As both conditions tend toward a more limey slag above 
the tuyeres than is found in most operations, the combina- 
tion produces an excessively limey condition in this practice 
which is probably largely responsible for the inability to use 
high blast temperatures. 


Fiur Dust PRopucED AND CONSUMED 


Carrie’s flue dust production is high, the amount pro- 
duced ranging around 400 pounds per ton. Flue dust has been 
used in varying amounts throughout the campaign of these 
furnaces. They are now using about 50 per cent. of the dust 
produced, and it is found that attempts to use higher quanti- 
ties have resulted in more than proportional increases in flue 
dust produced. There seems to be a cumulative action in 
dust production which indicates in this operation that 400 
pounds per ton is about the maximum dust production per- 
missible. If the production exceeds this figure for a continued 
period inferior furnace operation results. 

The flue dust problem in general has become increasingly 
serious with the present use of higher winds. While plants 
operating on coke from mixed coals are able to use a larger 
percentage of raw dust, I do not know of any operation blow- 
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ing the present high winds that is able to consume all of their 
raw flue dust, as such. 

The inability to use large amounts of raw dust at Carrie 
is evidently due to the small initial size of the coke and also 
to its tendency to break up further during its passage through 
the furnace. This has the effect of reducing the voids in the 
stock column, thus increasing the velocity of the gases and 
their ability to carry more dust out of the furnace. This con- 
dition has reached such a stage under the present operation 
with high winds that it is sometimes difficult to bring suffi- 
cient burden down to the hearth to hold the silicon down, and 
it has actually been possible under certain conditions to bring 
more burden down by taking off weight. The reason for such 
an unusual occurrence is that the more open burden, result- 
ing from reducing the amount of ore in the charge, causes a 
reduction in flue dust due not only to the increase in voids, 
but also to the more regular driving of the furnace. The 
resultant reduction of flue dust produced more than offsets 
the amount of burden taken off the furnace. 

Considerable experiments and investigations are under 
way to find some means of reducing the present excessive flue 
dust production. Watering of the ores in the skip before 
hoisting to the top of the furnace effects a very appreciable 
reduction, and is being done at most plants. 

Attempts are also being made to change the distribution 
of the stock so that the exit of the gases from the top of the 
stack will be distributed more evenly over the top of the 
stock, which will result in lower gas velocities, and with con- 
sequently less dust produced. The present filling, using a 
large bell about four feet less in diameter than the stock line, 
produces a conical contour of the stock in the top of the 
furnace, with the greater proportion of the fines against the 
wall and a corresponding greater proportion of coarse 
materials in the center of the furnace. Recent experiments 
at furnaces using this type of filling have shown an unusually 
high gas velocity in the center area of coarse material, and 
very low velocities in the annular ring between the central 
area and the furnace walls. The high velocity of the gas 
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leaving the central section is believed to be responsible for 


_ the greater part of the dust production. As a means to elimi- 


nate this condition one plant is installing a McDonald dis- 
tributor to throw more of the fines of the burden into the 
central area and thus produce a stock column of approxi- 
mately the same permeability throughout its cross section. 
By this means all of the stock line area will be utilized for 
the exit of the gas at_much reduced velocities. The possible 
effects of such a filling, not only on flue dust produced, but on 
the operation of the furnace as well, are very interesting, and 
may result in developments of much value to the operator. 


MOovEMENT OF THE FURNACE 


The downward movement of. the burden materials is 
retarded by the lifting action of the blast, the friction of the 
furnace walls, and the upward support of the converging 
bosh walls. Of these factors the effect of the lifting action 
of the blast is the most readily calculated. Mr. J. E. Johnson 
in his book upon ‘‘The Principles, Operation and Products 
of the Blast Furnace” made a very thorough calculation 
of the retarding effect of the blast pressure, and showed 
that a 14 pound pressure difference between the bottom 
and top of the furnace offers a resistance equal to 50 per 
cent. of the total weight of the charge in the furnace. This 
retarding effect of course increases as the blast pressure 
increases, and becomes a serious factor in operations using 
Clairton coke where the regular driving pressure of the 
furnace is about 19 pounds or 20 pounds, fully 2 pounds 
or 3 pounds more than with furnaces of equal size and 
wind volume using other cokes. These high blast pressures 
are due to the small sized coke, which as stated before has 
the effect of making a more compact stock column with less 
voids, offering greater resistance to the passage of the gases. 
The retarding effect of the blast upon the downward move- 
ment of the stock is therefore considerable, and as a result 
it is difficult to keep such furnaces moving regularly. ‘This 
tendency appeared early in the operation of Carrie’s first 
large hearth furnace, and was the cause of considerable 
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investigation. The factors mentioned as retarding the down- 
ward movement of the stock include the friction of the stock 
on the furnace walls. As this friction is generally considered 
to be dependent upon the batter of the inwall section of the 
furnace, the feature was made the subject of study. The 
inwall batter of the first large furnace had been made equal 
to that of the smaller furnaces, which had proven sufficient. 
Further analysis of the subject brought out the very interest- 
ing and logical conclusion that the batter of the inwall is not 
a proper measure of the expansion rate provided for the 
descending stock. In considering a section of stock as it is 
being heated in its passage through the furnace, it is evident 
that it becomes larger in volume, and therefore involves three 
dimensions. However, as it is free to expand in a vertical 
direction, one dimension is eliminated, and the expansion 
factor becomes one of area. Therefore, in order to maintain 
- uniform expansion rates in different sizes of furnaces, as 
would be expected if they are using identical raw materials, 
it is necessary that the relation of the stock line area to the 
bosh area remain constant. This involves an increase in the 
inwall batter as the furnaces become larger. The effect may 
be seen in the following example: A given furnace has a 
15’0” stock line, 22’0” bosh, and an inwall height of 45’. The 
inwall batter is therefore .93’’ per foot, and the ratio of area 
of bosh to stock line 2.15 to 1, which may be termed the 
measure of its expansion rate. It is desired to build a large 
furnace of 25’0” bosh and retain the same expansion rate. 
Using the factor 2.15 to 1, it is found that this furnace will 
require a 17/0” stock line. Assuming the same distance 
between stock line and bosh as before, the inwall batter will 
be 1.07’ as against .93” on the smaller furnace, or an increase 
of 15 per cent. Had the inwall batter been kept constant, 
then with a 25’0’ bosh we would have required an 18/0’ 
stock line, and the ratio of bosh area to stock line area would 
have dropped to 1.93 to 1, as against the original ratio of 
2.15 to 1. This represents a reduction in expansion rate of 
over 10 per cent. and would no doubt cause increased resist- 
ance to the stock movement, and result in higher blast 
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pressures and more irregular working of the furnace. Fig. 4 
gives an illustration of an original furnace and its expansion 
to a larger size, maintaining the same inwall batter in one 
case, and the same expansion rate in the other. 

This theory is a possible explanation for the present 
tendency to increase the inwall batter on larger furnaces, and 
in accordance with it the inwall batter on the last two fur- 
naces rebuilt at Carrie was increased to 1”’ per foot and 1.03” 
per foot, respectively, as against .92’’ per foot on the first two 


OR/4/NAL FURNACE ENLARGEO FURNACE ENLARGED FURNACE 


FATIO oF Bost & /TAINTAINING SAME INWALL STAIN TAINING SAPTE EXPANSION 
Stock LINE AREAS SATTIER, - KATI0 of Bosn FATE.- FATI0 of BosH 
2/5 Te / 4 Srock Line AREAS & Srock Line AREAS 
L93 70 / 21S 7H / 


Fic. 4—Comparison of Rate of Expansion to Inwall Batter. 


rebuilt furnaces. The last two, however, show but little 
improvement over the others. It must be considered, how- 
ever, that they are blown with higher winds, causing higher 
pressures, and it is likely that this has offset much of the 
advantage gained by the increase of inwall batter. The 
remedy of course would be to further increase the batter 
until free movement of the burden results, but as this change 
includes possible derangement to other features of operation 
it should be done in very gradual steps. It would appear to 
be a logical conclusion, however, that irregular furnace 
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travel can be remedied by an increase of inwall batter, thus 
compensating for high winds, small coke, fine ores or other 
conditions tending toward irregular movement. 


CONCLUSION 


Analysis of the operation of the blast furnace is a very 
difficult task. The chemical and physical properties of the 
burden materials impose their different tendencies upon the 
furnace in many ways. The variations existant in these 
properties combine to produce marked swings in the opera- 
tion, which often mask the results of changes to such an 
extent that conclusions drawn may be wholly wrong. These 
conditions are responsible for the wide difference of opinion 
sometimes held regarding the various phases of operation. 
Mr. J. E. Johnson, during his investigations concerning the 
properties of alumina in the slag, remarked that since so 
many operators regarded it as a base and equally as many 
regarded it as an acid, he was quite sure it was neutral, and 
later was able to give substantial evidence to prove his 
contention. 

Another difficulty confronting the investigator is the 
human tendency in making comparisons to see only the worst 
in his own operation and the best in the other. My effort has 
been to eliminate such tendencies in every way, but I am not 
at all certain of having attained complete success. 

Finally, the value of making comparative analyses on 
operations can well be considered equal to that of costs. The 
theories developed in explaining the detrimental effect of 
various factors upon the operations often become the basis 
for changes which result in minimizing to a great extent the 
difficulty experienced. It is hoped that this paper may in 
some manner prove of benefit to such developments. 


THE CuarrmMan (Mr. John A. Topping): I call on Mr. 
George M. Hohl, Superintendent Blast Furnaces, Bethlehem 
Steel Company, Bethlehem, Pa., for a discussion of this paper. 
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Discussion By Greorce M. Hout 


Superintendent of Blast Furnaces, Bethlehem Steel Company, 
Bethlehem, Pa. 


The demands made on blast furnace operators for con- 
stantly higher productions have been fundamentally caused 
by the necessity of making cheaper pig iron. The cost sheet 
is the real judge of the success or failure of any operation, or 
equipment, and the increasing number of large hearth fur- 
naces in this country is sufficient proof of their value for 
making pig iron more economically. 

As shown by Mr. Lose, the several plants where the pro- 


- duction had to be high in order to reduce the interest charges 


on a large investment, have set the pace, and by doing so, 
have forced a revision of the widely held opinion on the 
limits of wind capacities, and the rates at which furnaces can 
be driven. 

The production of a blast furnace depends upon so many 
factors, that there is a tendency to minimize high tonnage 
production at other plants unless full data on the operation 
is also available. Most operators feel that to make records is 
easy, if the plant and raw materials are of the best. In this 
belief they are almost correct, but nevertheless, full credit 
must be given to the few men, who, seven or eight years ago, 
were the first to run a furnace that averaged 750 tons a day, 
over a period of several months. 

Every large plant during recent years has had a test run, 
when the best furnace was given the best materials, and a new 
tonnage record resulted. These have been of value, not so 
much for the records themselves, but as proof to the manage- 
ment of what can be done; and certainly much of the rebuild- 
ing, and the enlarging of blast furnace stacks and equipment 
that has been completed and is in progress, is due to the 
cheaper pig iron made on these record runs. The improve- 
ment in the auxiliary equipment, such as stoves, gas burners, 
cleaners, blowers, and iron and cinder cars, has had to keep 
up with the growth of the stack. Probably some plants have 
found it easier to build a large stack than to keep it operating 
efficiently. 
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While the largest furnaces have been developed at western 
plants, to use all Lake ores, the operators in the East, using 
a mixture of magnetic or hard ores, have had similar problems 
of design to meet. As for Lake ores, the increases in the size of 
the hearth and the steepening of the bosh angle were found 
to be improvements. In general, the large stack now using 
hard ores is similar to the stack for Lake ores, with the excep- 
tion that the best bosh angle seems to be between 78.5° and 
80° and the best stack batter from .6” to .75’’ per foot. 

About six years ago we were convinced that, if 1’ or 114” 
batter was correct for Lake ore practice, as seemed to be the 
case in the West, the batter of a furnace using 100 per cent. 
magnetic concentrates should be almost zero. This, of course, 
is an impossible condition, but as we were then changing the 
lines of our furnaces to use an all hard ore mixture, we had an 
opportunity to find out how low the batter could be made, 
and to watch the effect of the furnace operation. As furnaces 
were relined at Bethlehem, the batter was changed from .75’’ 
to .6”, and finally to .4’’. To build a stack with a lower batter 
than .4’’, too large a stock line was required. 

The furnace with the .4” batter has now been in blast 
three and one-half years, and has always been the smoothest 
working furnace in the plant. With a hard ore mixture, slips 
are unknown and the pressure is uniform month after month. 
Since this furnace was built, however, the standard ore mix- 
ture has been changed to about 20 per cent. Lake ore, 30 per 
cent. sinter, and 50 per cent. magnetite. With this mixture we 
have found that a batter of .6” to .75” gives the best results, 
and the stock line has been held to a maximum diameter of 
18’ 0’, with a bosh diameter of 23/ 3’”. 

The size of the stock line has been a serious problem, since 
the height of the furnace has been limited by the height of the 
present shell. Some misgivings were felt about the first stack 
built with a 17’ 0’ stock line, but with a 13’ 0’ big bell, the 
operation has been excellent. The newest furnace in blast has 
an 18’ 0’’ stock line, with a 13’ 6” bell, and is working as well 
as those with the 17’ 0” top diameter. 

One of the chief changes in furnace practice in recent years 
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has been the revision of the ideas on the proper amount of 
wind to be blown. The top limit used to be 48,000 to 50,000 
cubic feet per minute, and 44,000 to 45,000 was considered 
the most economical. Now, a blast volume of over 51,000 
cubic feet per minute is common practice in large stacks. 
At Bethlehem, we are enlarging the blowing facilities so that 
within six months 65,000 cubic feet per minute will be avail- 
able for each furnace. 

The development of the large hearth furnace at the Beth- 
lehem plants has been gradual. As at most other plants, the 
present stacks have been enlarged to their limit. The maxi- 
“mum hearth diameter has thus been held to 19’ 0” at the four 
eastern, or hard ore, plants. Two furnaces have been rebuilt 
completely. One of these at Johnstown, using all Lake ores, 
has averaged over 700 tons a day, and the second, at the 
Maryland plant, is not yet in blast. This latter stack has a 
21’ 6” hearth diameter, 26’ 0’ bosh, is 100’ high, and will 
use 100 per cent. magnetite. 

We have thus no data as yet on a 21’ 0” hearth furnace 
using hard ores, but we are confident that it will be just 
as successful using these materials, as it has been using 
Lake ores. 

While the magnetites are less reducible than the soft ores, 
there is a considerable advantage in the fact that they work 
more smoothly in the furnace. We have no trouble with slips 
and high pressure. So far the limit to our tonnage has been 
the amount of coke we have been able to burn. This, of 
course, depends, other factors being the same, on the blast 
volume. We hesitate to say what is the top limit that a big 
stack, using hard ores, can be blown. We have blown 57,000 
cubic feet per minute on a 19’ 0” hearth stack, and averaged 
713 tons per day, for a month, and we do not believe that this 
volume even approaches the limit. There is a record of a 
furnace at Oberhausen in Germany that is being blown 
70,000 cubic feet per minute, and producing 800 tons per 
day, on all hard ores. 

The production of furnaces with 18’ 0” and 19’ 0” hearth 
diameters has increased as the blast volume has increased. 
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Until this was over 50,000 cubic feet per minute, the larger 
stacks did no better work than the 16’ 0’ and 17’ 0” hearth. 
With proper blowing the tonnage increased at once. . 

The operation of ‘‘C”’ furnace at Coatesville furnishes 
excellent data on the effects of increased blast volume. 


OPERATION OF “C” FURNACE, COATESVILLE PLANT. 


March, 1926 March, 1927 
aS) 

Diameter hearthin feet;...........-.s.-22 ses ee eh 19°01) 19’ 0” 
LOLA DPOGUCHLON WLOLS ev. ay ticket ner een 15,934 | 22,103 
Average daily production, tons................... 514 713 
Total ore, cinder and scale, tons.................. 25,893 35,970 
Net coke, pounds perton ............:-...+<<+e- 2,260 2,034 
Limestone, pounds perton.........0............ 814 772 
Scrap used over scrap produced, tons.............. 1,416 2,783 
Flue dust produced, pounds perton............... 117 149 
Flue duet used; pounds per ton. 2.0... ¢.ms ue s5 0) eee ce ee 
Magnetite, per cent. used.............2.0..ccsuee 100 81.5 
Wind blown, cubic feet per minute................ 41,580 56,780 
Blastitemperature.H oa? eee eee eee 1,050 : 
Actualivield mer Cantie a anaes pee eee 55.8 55.4 


The data are on the same stack in the same campaign. 
The increase in tonnage has clearly followed the increase in 
the wind blown. With more blowing equipment becoming 
available, the same results are obtained at all plants. 

Furnaces using hard ores should have fewer difficulties 
with slips and high pressures than those using Lake ores. The 
raw materials are excellently prepared, by washing and 
screening, and the mixture is much more open than a Lake 
ore mixture. | 

Our large furnaces, properly blown, are easier to operate 
than the smaller stacks on the same materials. The quality of 
the iron is more uniform, coke practice is lower, and, best of 
all, operating and total costs are better. We do not venture 
to predict how large stacks can be built with increasing 
economies, but we do think that by being able to blow more 
blast, on a magnetite mix, we will be able to equal or better 
the tonnages made with Lake ores, and that a 21’ 6” hearth 
with 70,000 cubic feet per minute will not be the maximum. 
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THE CHarrMAN (Mr. John A. Topping): I will next call 
on Mr. William A. Haven, Superintendent Northern Fur- 
naces, Republic Iron & Steel Company, Youngstown, Ohio, 
for a discussion of Mr. Lose’s paper. 


Discussion By WiuuiAm A. Haven 
Superintendent of Northern Furnaces, Republic Iron & Steel 


Company, Youngstown, Ohio 

Mr. Lose’s paper is a valuable contribution to a matter of 
‘outstanding interest among furnace operators at this time, 
especially in the Pittsburgh District or in districts near Pitts- 
burgh where a substantially higher cost discourages the use 
of even small percentages of low volatile coal in making blast 
furnace coke. In Youngstown, it is always more or less neces- 
sary to demonstrate that expenditures for low volatile coal 
can be justified by a corresponding economy in pig iron cost 
when the more expensive fuel is used. With each new 
development at coke plant or blast furnace there is renewed 
the hope that practice with straight high volatile by-product 
coke will have regained the prestige held in earlier days by 
coke made from similar coal in the beehive ovens. The large 
hearth blast furnace was pioneered in the Chicago District 
where there is generally no objection, economically, to mix- 
ing coals to the best advantage; where the use of 100 per cent. 
high volatile coal is probably seldom contemplated and 
where, consequently, the quality of the coke receives com- 
paratively little of the furnace man’s attention; but to the 
operators in the Pennsylvania-Ohio District the development 
suggested another possibility of utilizing an inferior grade of 
fuel to a better advantage. 

It appears to us, however, that no solution to this par- 
ticular problem is found in large hearths. Soft, friable coke 
still remains and probably always will remain a considerable 
handicap to smooth furnace operation and the exceptionally 
thorough screening done at Carrie Furnaces as the coke enters 
the skip indicates the extent of the precautions necessary to 
obtain results similar to those obtained with little or no 
screening at the furnace when the quality of the coke is 
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right. The high blast pressure at Carrie is a condition justly 
attributed, in part, to small coke. High blast pressure 
encourages checking and aggravates the dust losses when 
slips occur. It adds considerably to the hazards of furnace 
operation. The cost of compressing the air to such pressure 
is also a matter of no small expense. The theory that high 
pressure accelerates combustion may be correct, but in our 
own experience we are of the impression that outstanding 
cases of rapid driving have been marked by low or normal 
blast pressures rather than the opposite; as, for example, 
when a furnace is being blown out or when running cold. 
That combustion is otherwise facilitated by small coke, we 
believe, is usually the case if the percentage of voids in the 
coke charge is not decreased. With soft, friable coke, however, 
depreciation in size occurs within the furnace, after the final 
screening, to an extent which is more likely to prove a detri- 
ment than a help to the combustibility of the coke charge. 
During the past year, we have successfully used up to 25 per 
cent. of nut size domestic coke by the expedient of charging 
the two grades separately, every fourth charge straight 
domestic coke, whereas very poor results had attended the 
use of domestic coke when mixed in the same charge with 
furnace coke. We have observed also, that a small furnace 
will handle domestic coke to better advantage than a large 
one and, except as to tonnage, the best practice at Haselton 
when using straight high volatile coke has been in a 16’ hearth 
furnace. 

Republic’s largest hearth furnace is Haselton No. 2. As 
originally built in 1906, this was a hand-filled furnace but in 
1917 a modern bin system, skip and revolving top were added. 
At that time the hearth diameter was limited by the column 
spread to a maximum of sixteen feet. In 1926 a new shell was 
needed and the opportunity was taken to enlarge the furnace 
from bottom to top (see Fig. 1). The old wooden piles which 
had rotted to the water line were replaced with concrete piles 
and additional piling was driven. Provisions were made for 
a maximum hearth diameter of 23’ 0’ but 21’ 6” was adopted 
for the present lining. No auxiliary equipment was added 


=“ 
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except that two of the 22’ x 98’ two-pass center-combustion 
stoves were relined with 314” checkers, 2’ brick, which 
increased the heating surface in each from 45,000 to 90,000 
square feet. The steam hoist engine used when the furnace 
was barrow-filled is still serving in a satisfactory manner, 
handling more than twice the stock that it did twenty years 


PLATFORM 


PLATFORM 


Fig. 1.—Enlargement of Haselton No. 2 Furnace. Broken lines give former 
furnace lines (1918). Full lines give present furnace lines (1926). 


ago, apparently with ease and time to spare. The work of 
reconstruction was completed in six months and the cost 
above that of relining on the old dimensions was gratifyingly 
small for an expected increase in capacity of about two 
hundred tons per day. 

The hearth and bosh dimensions of Haselton No. 2 com- 
pare closely with those of Carrie No. 7 but there is a differ- 
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ence in their lines above the mantel which deserves some 
comment (see Fig. 2). Inwall batter has been forced to atten- 
tion in the large hearth development by hearth diameter 
getting out of proportion to that of the furnace top. For some 
time it was common practice to make the hearth and stock 
line dimensions almost identical but for engineering reasons, 
probably, rather than metallurgical ones, the stock line 


96-1" 


' 
HASELTON FURNACE nN2.2. CARRIE FURNACE nN 7. 


F1a. 2.—Comparison of Lines of Haselton No. 2 Furnace and 
Carrie No, 7 Furnace. 


seemed to attain a maximum at about 17’ 6”, so that on 
furnaces of the same height there is now about 216’ more of 
batter to be taken care of. This must be done with lower or 
steeper boshes, greater slope of inwall or decreased inwall 
straight section. The height and angle of the bosh seem 
temporarily stabilized at about 10’ and 80° respectively, 
so that unless straight section is decreased the degree of 
batter must be increased. At Haselton it has been a theory 
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for some years that straight section in the upper inwall is not 
only unnecessary but rather a serious hindrance to the smooth 
descent of stock and conducive to high pressure and excessive 
dusting. Decreasing the straight section below the stock line 
on the other furnaces at Haselton has been followed by 
improved practice in every case, although it sometimes 
involved lengthening the straight section above the mantel 


HASELTON FURNACE N25 HASELTON FURNACE *5 HASELTON FURNACE N22. 
19235 1924 1926 


Fig. 3.—Recent Development of Furnace Lines at Haselton Furnaces. 


to an almost unprecedented extent. On the other hand, with 
regard to batter, we have been reluctant to change from a 
figure of about .8”” per foot which has given excellent results 
in the past at Haselton and many furnaces elsewhere. For 
Haselton No. 2, therefore, only a slight increase in batter was 
adopted and the slope of the inwall is started just below the 
stock line (see Fig. 3). This results in somewhat more of 
straight section above the mantel than is commonly.em- 
ployed, but less than on other furnaces at Haselton which 
have done satisfactory work. 
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We are of the opinion, however, that the full possibilities 
for large tonnage from furnaces of this type will not be real- 
ized until the stock line area has been brought nearer its old 
relationship with that of the hearth, or until some other 
means, along the line indicated by Mr. Lose, have been found 
for better distribution of the gases through the stock in the 
furnace top. This feature of construction, we believe, is one ex- 
planation why the wind blown on the larger furnaces has been 
in proportion to the hearth diameter rather than the hearth 
area, although a still more interesting explanation, perhaps, is 
to be found in the Bureau of Mines’ theory that combustion 
of the coke takes place only about the periphery of the hearth. 

Republic coke of bessemer grade is made of high volatile 
coal from the Klondike field which ordinarily requires 1214 
per cent. or more of low volatile coal mixed with it to produce 
a stable quality of blast furnace fuel, whether coked in wide 
or narrow ovens, and however the coal be pulverized, heated, 
or otherwise treated in the coking process. But if the proper 
amount of low volatile coal is added and proper attention 
given to coking and handling, it would appear that results can 
be obtained from local coal of very high ash and sulphur con- 
tent that may be compared favorably with those being 
obtained elsewhere, where fuel of the best quality in that 
respect is used. It will be seen from the data sheet, Table B, 
that Republic coke leaves much to be desired chemically, but 
that, physically, it may be brought to a high standard of 
quality. Incidently, to this end, we consider a comprehensive 
system of routine coke testing quite indispensable. Coke plant 
and blast furnace results can be codrdinated to the best pos- 
sible advantage only when coke qualities may be expressed 
in terms which really mean something intelligible to the opera- 
tors of both plants and mean the same thing tomorrow that 
they do today. At Haselton furnaces the daily report of the 
size and stability of the coke is regarded as of more importance 
than the chemical analysis. Variations in the latter are sel- 
dom of sufficient extent or duration to affect the furnace 
operation seriously one way or another. (See Yearbook, 
American Iron and Steel Institute, 1926, p. 171 sq.) 
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The bessemer ore mixture at Haselton Furnaces is the 
usual combination of about 75 per cent. Mesabi and 25 per 
cent. Old Range; average iron content, about 53.50 per cent. 
The amount of very fine Mesabi has been rather high; 
Mahoning ore, averaging 26.4 per cent. through the 100 mesh 
sieve, constitutes about one-fourth of the burden. The dust 
losses on all the Haselton Furnaces were materially increased 
in 1926 over that in previous years due to larger use of fine 
ore, and for that reason the losses we have shown for No. 2 


_Furnace constitute the least commendable feature of her 


practice. This condition, as Mr. Lose states, is also an effec- 
tive handicap to hard blowing, but a compensating factor 
lies in the fact that the fine ore is easily reduced, a condition 
conducive to good fuel economy. 

The limestone used at Haselton is from local quarries. It 
is crushed to pass through a five-inch opening and the fines 
are removed by screening. Dolomite is also used in sufficient 
quantity to raise the magnesia content of the slag to about 
7 per cent., an important item in making commercial hard slag. 

Haselton No. 2 was blown in September 21, 1926, and we 
are able to present the result of her operations to date, a period 
of seven. months (see Table A). The furnace was brought in 
rapidly, as has become customary with the large hearth 
units, and from the start has performed satisfactorily in all 
respects with the exception possibly of flue dust produced 
(net flue dust, 228 pounds per ton). The first full month in 
blast she established a record for the plant in fuel economy, 
1770 pounds per ton, and has an average for the blast to date 
of about the same figure. Low coke consumption. has been an 
outstanding feature of her practice and is an index of the 
very smooth operation obtained while carrying a heavy ore 
burden and utilizing a fairly high hot-blast temperature, 
1100° to 1200° F. Another evidence of high thermal efficiency 
is the leanness of the top gases, the CO/CO; ratio (1.56) being 
in our experience without precedent although, oddly enough, 
the temperature of the top gases has not been exceptionally 
low. The blast pressure, averaging 15.3 pounds, has been 
surprisingly low. The rate of blowing, about 51,000 cubic feet 
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per minute, may be considered light, but it is customary at 
Haselton to subordinate the wind volume to the attainment 
of the best possible coke practice and the prevention of dust 
losses. The extent to which this is carried might not, we 
agree, be justified in localities where raw materials are 
cheaper or at times when the need for tonnage is urgent. As 
Mr. Lose explains, a proper comparison of one furnace’s 
practice with another’s can be made only with due considera- 
tion for the quality and cost of the raw materials used. 


TABLE C—COMPARISON OF BLAST FURNACE PRACTICE ON 
THREE FURNACES OF DIFFERENT SIZED HEARTHS 


Haselton Haselton Haselton 
No. 3 No. 5 No. 2 
Diamever ol hearihia. -.s. weer 16’ 0” 19’ 0” LOGY 
Period OF tunes Re ee o.eedes teee Year 1924 | Year 1925 | 7 months 
(10 months) to date. 
Grade often. a tire ate ep ees Lan. Basic Bessemer 
| Bess. 7mo. | * 
Average daily production, tons. ...... 462 616 668 
Ore, cinder and scale per ton, pounds. . 4266 4204 4144 
Gross coke per ton, pounds........... 1940 1928 1824 
Net coke per ton, pounds. ........... 1886 1881 1779 
Net scrap per ton, pounds............ —30 —5 30 
Flue dust produced per ton, pounds . . . 180 162 - 335 
Flue dust consumed per ton, pounds. . . 22 36 107 
Blast volume cu. ft. per minute: 
Rec engiess: . ba ee. Gee Baste he te race & 50693 
Turbo. blowers: «cer na sete Onl atest A230 ey Wy ane ee 
Blast pressure, pounds per square inch. 16.6 17.4 15.3 
Blast temperature, degrees Fahr....... 1106 1121 1125 
Top temperature, degrees Fahr........ 301 326 327 
plagperton, pounds. .a<ssa0.cenes 1206 1212 1083 
Basicity of slag, Bases/SiOg.......... 1.35 1.37 1.47 * 
Quality ot tes 'OO/COl. sa eee 1.66 1.84 1.56 


THE CHArRMAN (Mr. John A. Topping): Gentlemen, we 
will now adjourn for luncheon and meet later in the East 
Ball Room for the afternoon session. 

A recess was taken until 2.30 p.w. Members reassembled 
in the East Ball Room at the appointed time, Mr. E. A. 8S. 
Clarke, Secretary of the Institute, in the Chair. 

THe CHatrMan (Mr. E. A. 8. Clarke): The first paper on 
the program for the afternoon session is a paper on ‘The 
Pilger Tube Mill of the Pittsburgh Steel Products Company,”’ 
by W. C. Sutherland, General Superintendent, Pittsburgh 
Steel Company, Monessen, Pa. 
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THE PILGER TUBE MILL OF THE PITTSBURGH 
STEEL PRODUCTS COMPANY 


W. C. SUTHERLAND 
General Superintendent, Pittsburgh Steel Company, Monessen, Pa. 


Within the past few years many improvements have been 
made in the methods used to extract oil from the ground, 
and probably one of the most important of these has been 
the development of rotary drilling, by means of which it has 
become possible to descend to depths only dreamed of before, 
so that nowadays drilling to a depth of a mile and a quarter 
and a mile and a half in quest of oil is the rule rather than 
the exception in a large part of the oil producing districts 
of the world. 

With the advent of this deep drilling came the need for 
stronger pipe, both for the drilling operation itself and for 
casing and tubing. Welded pipe had long been the only 
kind in suitable sizes available, but the new requirements 
demonstrated that at a suitable size and weight welded pipe 
did not have the desired and necessary strength for the 
severe strains to which it had to be put. The very nature of 
its manufacture required soft weldable material, therefore 
stronger welded pipe could only be obtained by increasing 
the wall thickness, and this could only be done within well 
defined tolerances, inasmuch as a large portion of the pipe 
must be capable of telescoping with other pipe in the natural 
process of drilling and casing a well. 

It being a well-known fact that seamless tubing could be 
successfully made from practically any grade of good quality 
steel, oil producers turned their attention to the seamless 
tube industry for a solution of their problem. The latter 
recognized the fact that there was a demand for a high class 
product in a heretofore unsuspected field, but it also found 
itself unprepared; the demand was for large pipe as well as 
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small pipe and about the largest size of seamless tube which 
had been made up to that time, in the United States, was 
of eight-inch diameter. 

The largest size which the Pittsburgh Steel Products 
Company had ever made was of seven-inch diameter and the 
oil industry was demanding seamless pipe up to and even 
beyond thirteen-inch. Only a few of the American seamless 
mills were equipped to produce as large as eight-inch pipe 
by the established automatic rolling mill method, and at 
that time the possible length that could be reached was 
barely thirty feet. Almost simultaneously with the inquiry 
_for seamless pipe and casing came the inquiry for longer 
lengths up to forty-six feet. 

The officers of the Pittsburgh Steel Products Company 
promptly instituted a thorough study, both in this country 
and abroad, of the various processes of making large seam- 
less pipe in lengths as long as the trade might ask for and 
decided that the Mannesmann Pilger process offered the 
most advantages, inasmuch as by this process, large diameter 
pipe, true to size and gauge in extra long lengths, could be 
produced direct from the ingot, and the product would have 
a uniformly good finish. 

This investigation resulted in the purchase of one of the 
most modern Mannesmann Pilger mills obtainable in Europe. 
Many parts of this new equipment were specially designed 
for this particular installation which is capable of producing 
pipe from six to twelve inches in diameter, 

This new seamless tube manufacturing plant was pur- 
chased complete, as a unit, including the electrical, hydraulic 
and pneumatic equipment and was erected at the Allenport 
Works of the Company at Allenport, Pa., in 1926, starting 
production in September of that year, being the first mill. of 
this size and type to be installed and operated in America. 

Probably one of the most important features in connec- 
tion with this mill is its ability to pierce and form tubing 
directly from the cast ingot, thus eliminating the usual rolling 
processes beween the ingot and the piercing mill. 

The ingots used are round, of a diameter and weight to 
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suit the tubing to be made, and are regularly poured by 
bottom casting. The steel must be carefully made to insure 
the quality in the finished product that is so necessary in 
tubing subjected to the severe tests that oil country tubing 
has to withstand. 

Almost equally important is the ability of this mill to roll 
extremely long lengths; for instance, there is now at this mill 
an 82”’ tube 131 feet long. A tube of this length has no real 


Fig. 1.—Ingot Breaker. 


commercial value, due to transportation difficulties, but 
illustrates what can be done on long-length tubing manu- 
factured in a Pilger mill. 

It is optional in the operation of the Pilger mill whether 
you break the ingots in two or roll the whole ingot in one 
long tube and cut to length afterwards. The latter procedure 
is generally followed, because there is a saving in material 
resulting from the production of less scrap by eliminating 
‘single-length rolling where crop ends must be wasted from 
each end of each tube. 
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If the ingots are to be broken, a rather unique method is 
employed to get the exact length or weight in each part. 
(See Fig. 1.) By this method the ingot is nicked on two sides 
by tools applied by a hydraulic ram; the nicking tools are 
then automatically removed and the ram, continuing for- 
ward, forces the ingot against a ‘‘V’’-shaped block and 
breaks it at the nicked places. This fracture affords an 
excellent opportunity for inspection of the steel in the ingot. 

Electric magnets on overhead cranes are employed for 
handling ingots in the storage yard and to the platform of 
the heating furnaces. 


Fig. 2.—Continuous Heating Furnace. 


Two continuous furnaces, seventy feet long by ten feet 
wide, and fired with natural gas, are employed for heating 
the blanks preparatory to piercing. The bottom of these fur- 
naces are inclined sufficiently for the blanks to roll forward, 
mainly by gravity, towards the discharge end. The furnace 
bottom declines sharply at the point of discharge, permitting 
the heated blank to roll out onto a roll conveyor and thence 
to the entrance trough of the piercing mill. Two furnaces are 
necessary in order to keep the mill supplied with properly 
heated blanks, taken from the furnaces alternately. (See 
Fig; 23) 

The piercing mill is of the Mannesmann, or roll type, and 
is of extremely heavy and rugged design. The working rolls 
are twenty-three inches in diameter and the top and bottom 
guides are rollers twelve inches in diameter. All adjustments 


THE PILGER TUBE MILL—SUTHERLAND Di 


Fic. 4.—Pilger Mill, Showing Pierced Ingot on Mandrel. 


122 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


on this mill are made by the use of motors driving through 
gear or worm reductions. This mill is driven by a 2250 H.P. 
AC motor. Inasmuch as the process of piercing billets on this 
type of mill is quite generally understood, a detailed descrip- 
tion of this operation is not considered necessary. 

The pierced ingot presents the appearance of a short, 
rough tube with extremely heavy walls, as it leaves the 
piercing mill. (See Fig. 3.) Without further heating it travels 
onto a conveyor which places it in the trough in front of one 
of the two Pilger mills. 
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Fig. 5.—Design of Rolls for Pilger Mill. 


At this point, a mandrel, which consists of a ten-foot bar 
of round steel, is inserted into the hollow blank. (See Fig. 4.) 
This mandrel is of the diameter it is desired to make the 
inside diameter of the tube, and is carried on the forward end 
of a plunger working in a pneumatic cylinder, which in turn 
is moved by two large hydraulic cylinders which, by con- 
necting to the pneumatic cylinder, form a hydraulic ram 
which moves slowly but steadily forward, pushing the man- 
drel through the pierced blank and supporting it in the 
actual rolling operation. 

The Pilger mill, while having rolls with parallel axes 
mounted and operated as in an ordinary rolling mill, differs 
from the latter in that the process is one of f orging or knead- 


oe 


THE PILGER TUBE MILL—SUTHERLAND 123 


ing rather than rolling, as the term rolling is generally 
understood. The rolls are so designed that the pass is cut 
away through half of the circumference (see Fig. 5) with 
the result that with each revolution, the portion not cut 
away strikes the tube a definite and severe blow and due to 
the fact that the direction of rolling or rotation of the rolls 
is against the tube, rather than with it, as is the case in ordi- 
nary rolling, the tube is thrown back while in working con- 
tact with the rolls. 

The forging action of the rolls driving the tube backward 
causes the air to compress in the pneumatic cylinder, but 
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Fig. 6.—Rolled Tube Coming Out of Pilger Mill. 


as the rolls revolve and again bring their cut away section 
into the tube space, this compressed air forces the plunger, 
carrying the mandrel and tube, forward again for the next 
stroke of the rolls. Thus the air acts as a spring, taking up the 
effect of the blows, but continually forcing the tube forward 
for the succeeding blows. A mechanical device automatically 
rotates the mandrel and tube 90° between each forging blow 
of the rolls. 

The tube thus progresses through the rolls, coming out at 
the opposite side of the mill a practically finished tube inso- 
far as size and wall thickness are concerned, although pur- 
posely left slightly oversize. (See Fig. 6.) 

. The mechanical stripping device on the roll housing is 
then brought into play which holds the tube in a stationary 
position while the mandrel is withdrawn by the hydraulic 
cylinders, which during the forging operation had been forc- 
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ing the tube forward. When the mandrel is free it is removed 
from the holder and allowed to cool in the air for a few min- 
utes and then dropped into a tank of water to cool off, and 
another mandrel is placed on the end of the plunger, ready 
for the next tube. Generally there are five mandrels in use 
successively, three cooling in the air, one in water, and one 
working in the mill. 

Meanwhile the tube is conveyed beyond the rolls to a hot 
saw, where the crop ends are cut off and the rolled blank cut 
into two or three lengths. As mentioned, previously, there 
are two Pilger mills in the installation, which alternately 


take the hollow blank from the piercing mill. These two mills 
are set in line and are driven by a 2000 H.P. DC motor on the 
shaft of which is a sixty-ton, twenty-eight-foot diameter fly 
wheel. Further, the rolls are so machined and coupled up to 
the mill that they strike their forging blows at alternate 
intervals thus keeping the working load on the motor 
distributed. 

Leaving the hot saw, the tube is conveyed across a trans- 
fer table to a central set of conveyor rolls, whence it is con- 
veyed lengthwise into, and at one side of, a reheating furnace. 
This furnace is fired with natural gas and is long enough to 
accommodate a tube fifty feet in length. It is equipped with 
two trains of nicrome rolls mounted on water-cooled shafts 
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working in roller bearings, one train at either side, on which 
the tube is admitted to and discharged from the furnace. 

The tube rolls slowly across the floor of the furnace to the 
opposite side, sufficient time being allowed in its passage to 
bring it up to a satisfactory annealing temperature. Reach- 
ing the other side it travels out through the discharge door 
onto a roller conveyor which carries it to the sizing mill. 
(See Fig. 7.) 

At this point, the mill equipment is so arranged that if 


_ desirable or necessary, the tube can be mechanically lifted 


to another conveyor (see Fig. 8) and passed through a reeling 
or polishing mill, then returned to the former conveyor at 


Fig. 8.—Conveyor Serving Reeling and Polishing Mill. 


another point from where it continues through the sizing 
mill and cross rolls and onto the cooling rack. 

If reeling is not essential, this operation is omitted, the 
tube passing straight from the reheating furnace through the 
sizing mill, which consists of two horizontal rolls grooved to 
form a perfect round of the exact desired outside diameter 
of the tube. The tube being finished slightly oversize in the 
Pilger mill as stated above, the sizing rolls compress it to an 
exact diameter and elongate it. No mandrel is used in this 
operation. The sizing operation also serves to crack and 
loosen the scale formed on the inside of the tube as a result 
of the reheating operation, which scale is later blown out 
with compressed air. 

The reeling or polishing operation is used only when a 
small quantity of an odd size of product is wanted, an amount 
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not sufficient to warrant the expense of dressing special rolls, 
or the loss of production that would result from changing 
rolls in the Pilger mill. This machine consists of a pair of 
short heavy rolls of special design which are set side by side 
in a special heavy housing. Their axes are slightly inclined 
to the horizontal and in opposite directions, crossing each 
other at a corresponding angle in the middle of their length. 
A mandrel is pushed into the space between the rolls and the 
hot tube is rolled over the mandrel. Both rolls revolving in 
the same direction, start the tube and mandrel revolving 
also, and due to the inclination of the rolls the tube is slowly 
drawn over the mandrel, leaving the mill practically straight 


Fig. 9.—Tube Leaving Sizing Mill. 


and perfectly round but larger in diameter and thinner in 
wall section in proportion to the pressure applied by the 
working rolls. 

Leaving the sizing mill (see Fig. 9) the tube is conveyed to 
and passes through a pair of cross rolls or a hot straightener, 
after which it is commercially straight as it is discharged onto 
the cooling-rack. The cross rolls machine is of the standard 
type usually employed in the lap-weld industry and need not 
be described here. (See Fig. 10.) 

From the cross rolls, the tube is mechanically lifted onto 
a long inclined cooling-rack, across which it is slowly con- 
veyed by means of endless chains. (See Fig. 11.) 

A very important adjunct to the successful and eco- 
nomical operation of this Pilger mill unit is the equipment for 
reclaiming the mandrels used in forging the tubes. This 
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equipment consists of a heating furnace, a hydraulic upsetter 
and a specially designed reeling machine. By means of this 
outfit, mandrels which have been reduced in diameter by wear 
in service, are heated, placed in the upsetter and stoved to a 
larger diameter, then passed back and forth through the reel- 
ing machine until they are brought back to their normal size. 

Equally as important is a special roll lathe for redressing 
the peculiarly shaped Pilger mill rolls. The machine is 
largely automatic and works on both rolls of a pair simul- 


. taneously. 


Included in the equipment of this Pilger mill installation 
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Fig. 10.—Cross Rolls Machine. 


are complete hydraulic and compressed air systems entirely 
independent and separate from the rest of the plant. 

The entire mill is electrically driven with power supplied 
from the Company’s central power plant at Allenport, and 
the electrical equipment includes 152 motors, totaling 
10,000 H.P. 

The entire group of buildings, assembled as one, is served 
by overhead electric cranes, eight in number, ranging in 
capacity from 714 to 20 tons and in span from 68 to 118 feet. 

All of the original mill equipment came from abroad and 
with it was included sufficient spare parts and such acces- 
sories as rolls, mandrels, piercing points, ete., to insure 
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continuous operations. Bearing in mind that the actual 
working tools on this Pilger mill are subjected to conditions 
unlike those in the regular rolling mill, it was natural to 
assume that some development work would be necessary 
before satisfactory replacements could be secured from 
American sources. As this condition has now existed for 
several months, we are in a position to say that, in the case of 
most of the supplies, domestic replacements are proving equal, 
and in some instances superior, to the European material. 

The arrangement in the construction and installation of 
this mill was so planned that the material would move con- 
tinuously in one direction to the Finishing Department. 
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Fie. 11.—Inclined Cooling-rack. 


The Finishing Department is also laid out with a view to 
automatically conveying the material from one stage to 
another in the finishing operations, so that when finished 
complete it has been delivered to the loading track or 
shipping point. (See Fig. 12.) 

The tubes are sufficiently cold by the time they reach the 
end of the cooling-rack in the F inishing Department to be 
given a preliminary inspection. They are also commercially 
straight, as they have been kept turning as they were cool- 
ing; but as the requirements for straightness on oil country 
tubular products are severe, all tubes are taken to a straight- 
ening press where any irregularity in this regard is corrected. 

All equipment in the Finishing Department for subse- 
quent operations and handling is of domestic make and a 
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large part of it was specially designed and built for this 
particular installation, an undertaking in which the Com- 
pany’s engineers figured predominatingly. 

From the final straightening the tubes are taken to the 
cut-off machines where the rough ends left from the hot saw 
cut just behind the Pilger mill are cut off and the clean end 
reamed and chamfered at the same time. The cut-off 
machines are of the lathe type and are either built to receive 
and eject the tubes mechanically or are provided with 
mechanical tables which provide a means of using electric 
power for all the handling of the tubes. In connection with 
the cut-off machines, there is a powerful flattening press in 
which each and every crop end is flattened to determine 
whether or not the material is sufficiently ductile. 

From the cut-off machines, the tubes are conveyed to the 
inspection tables, at which time, in addition to being thor- 
oughly inspected, the loosened scale is blown out by com- 
pressed air and the tube is drifted. (This term applies to the 
passing of a drift or plug of certain specified dimensions 
through the tube to ascertain whether the inside diameter is 
of proper size to allow the telescoping of smaller sizes. ) 

The tubes are next conveyed to the threading machines. 
These machines are set up in pairs in the conventional 
manner for threading pipe and are all equipped with mechan- 
ical tables for handling the tubes to and from the machines. 
As the thread is completed on each end of a piece of pipe, it is 
inspected and gauged and, if defective in any way, is cut off 
and rethreaded right at that point. If the threading passes 
the inspection, a coupling is put on one end and a thread pro- 
tector on the other, and the tube is taken to the coupling 
screwing-on machine where the coupling is screwed on 
machine-tight. 

The tubes are next mechanically transferred to the hydro- 
static testing machines and subjected to the specified test. 
These hydrostatic testing machines, of which there are two, 
are very large and rugged, capable of testing tubes of any 
diameter up to 14 inches by 46 feet long to a pressure of 2500 
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pounds per square inch. Each testing machine receives its 
hydraulic power from an individual pump on the line of 
which is an accumulator adjustable to various pressures by 
the addition or dropping of weights. 

From the testing operation the tubes are conveyed to the 
shipping bay and in this move are passed through an oiling 
or coating machine, then onto a skid table to dry, after which 
each is weighed, measured, stenciled, and stamped, and 
dropped into a set of bucks. When a crane load has accumu- 


* lated, it is picked up and loaded into railroad cars spotted 


in the building on a depressed track. é 

Other auxiliary machinery and equipment is provided for 
boring, tapping and galvanizing the necessary couplings for 
all sizes of tubes made on this Pilger mill as well as for form- 
ing and tapping the thread protectors. The blanks for each 
of these articles are cut from stock rolled especially for them 
on the mill. 

The Mannesmann Pilger mill installation of the Pitts- 
burgh Steel Products Company is complete in every detail 
and is a tube mill capable of producing tubes from six to 
twelve inches in diameter by forty-six feet long or even much 
longer for special cases. It starts with charging a cast round 
ingot in the heating furnace and loads out a finished, 
threaded and coupled tube on the shipping track, having 
produced all parts and performed all operations to finish all 
parts that enter into the make-up of the finished product. 

The heaviest tubes produced to date were 1134 inches 
outside diameter by 32 feet long with 14 inch wall, each of 
which weighed approximately 4400 pounds. 

The nominal capacity of the mill is about 300 tons 


per day. 


Tue Coarrman (Mr. E. A.S8. Clarke): I will ask Mr. E. T. 
McCleary, Vice-President, The Youngstown Sheet & Tube 
Company, Youngstown, Ohio, for a discussion of Mr. 
Sutherland’s paper. 
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Discussion By E. T. McCieary 
Vice-President, The Youngstown Sheet and Tube Company, 
Youngstown, Ohio 

I have read Mr. Sutherland’s paper with much interest 
and wish to congratulate him upon it. He has described in 
concise and convenient form the Pilger Tube Mill as installed 
by the Pittsburgh Steel Products Company and also the 
Pilger process of manufacturing seamless tubes. 

The Youngstown Sheet and Tube Company placed in 
operation in 1926 a Pilger mill which will produce seamless 
tubes from 7 inches to 13 inches O.D. and lengths practically 
as long as desired; also an American mill with a range of 
2-inch to 7-inch tubes. 

The Pilger mill as installed by The Youngstown Sheet and 
Tube Company and the method of finishing the tubes is 
practically the same as that described by Mr. Sutherland. 

The first patent for the making of tubes by the oblique 
rolling method was issued in Germany in the year 1886 to 
Mannesman Brothers. Mills based on this principal were 
erected at several places, but were not very successful. Later 
developments by the Mannesman Brothers and by R. C. 
Stiefel of this country made these mills successful. The 
Pilger process was a development of the original patent. 
It permits the manufacture of tubes from thick walled 
cylinders which have been pierced from cast ingots where- 
as the regular Mannesman or Stiefel type mill starts with 
a rolled round. | 

In the manufacture of seamless tubes it has been the 
generally accepted American practice to produce these from 
rolled rounds. This method involves the manufacture of 
ingots, then rolling to rounds, then piercing the round, then 
rolling and sizing the pierced tube; whereas the Pilger process 
starts with a cast round ingot of a size and weight dependent 
on the size of pipe it is desired to finish. The ingot is pierced, 
then forged and kneaded on a Pilger mill and finished by heat- 
ing, sizing and cross rolling. 
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The operations of a Pilger mill for making seamless tubes 
consist in the main of the following steps: 

1lst—Preparation of the round ingots. 

2nd—Piercing of the round ingots. 

3rd—Forging and kneading of the round pierced ingot. 

4th—The finishing of the round tube. 

It is the practice of The Youngstown Sheet and Tube 
Company to produce the steel for this purpose in special 
open-hearth furnaces designed for this class of work and to 


- carefully select the open-hearth charge and to treat the heat 


so as to produce steel practically free from included impuri- 
ties and surface defects. 

This steel is then tapped into a ladle which is taken to a 
specially designed casting building where it is bottom poured 
into round ingots of a size and weight dependent on the size 
and length of tube desired. 

These ingots are charged into two recuperative furnaces, 
79’ long by 19’ 6” wide, having a hearth with a 314 per cent. 
slope. They are gradually heated to a uniform temperature 
and then taken to a roll type piercing mill having working 
rolls of 25’ diameter and guide rollers 1534’ diameter, driven 


- by a 3000 H.P. motor. 


The pierced tube on leaving the piercing mill has a wall 
thickness five to six times greater than that of the finished 
tube, whereas on the American type automatic mill the wall 
thickness of the pierced round is generally about one and 
one-half times the thickness of the finished tube. 

The pierced ingots are next placed on mandrels made 
either of carbon or alloy steel from 10 to 15 feet in length and 
then by means of a feeding device fed to the rolls where they 
are forged and kneaded to the desired size. The feeding device 
is arranged so as to give a reciprocating movement to the 
mandrel and at each revolution of the rolls to turn the pierced 
ingot about 90 degrees. 

The working of a round hollow ingot on a mandrel, 
between rolls in such manner that at each revolution of the 
rolls a small portion of the ingot is forged and kneaded to a 
tube is the main feature of this process. 
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The rolls used in this method are made of alloy steel 
having a definite hardness, are turned on an automatic roll 
lathe which works from a plantegraph attachment, and are 
so designed that at one place in the rolls an opening is allowed 
somewhat greater than the outer diameter of the hollow 
ingot. The pass is gradually contracted until it reaches the 
outer diameter of the finished tube. 

The installation at the Youngstown Sheet and Tube 
Company has two Pilger mills set in line driven by a 3000 
H.P. motor on the shaft of which is a 29’ fly-wheel. 

The unfinished tube as it leaves the mill is conveyed to hot 
saws where the crop ends are cut off, and it is then cut into 
two or three lengths. They are then passed through a reheat- 
ing furnace which will accommodate a tube 50’ in length. 
From here they go through a reeler when necessary; then 
through regulation size and cross rolls, and finished in the 
same manner as lap weld pipe. 

The equipment of our mills came largely from Germany. 

We have had the same experience with our accessories, 
such as rolls, mandrels, etc., as Mr. Sutherland mentions, 
v.e., that American manufacturers are now furnishing these 
replacements with material as good and in some cases better 
than that from abroad. 


THE Cuarrman (Mr. E. A. S. Clarke): The next paper is 
a paper on “The Theory of the Blast Furnace” by Richard 
Franchot, Metallurgical Engineer, Washington, D. C. 


THE THEORY OF THE BLAST FURNACE 


RicHARD FRANCHOT 


Metallurgical Engineer, Washington, D.C. 
I. Toe Buast Furnace As Gas PRODUCER 


When, in 1904, Johnson explained the hot blast, he bridged 
“a gap between practice and theory that had existed for over 
seventy years. Gayley’s dry blast practice very soon lined 
up with Johnson’s theory. The fact that it is much cheaper 
to add heat to the blast than to take moisture out of it puts 
no cloud upon the title of the theory to a big share of the 
truth about the blast furnace. Today, we may well regard 
as proven the proposition that coke consumption, burden 
ratio, or operating efficiency is limited and determined by 
the heat relations existing at the extremely high temperature 
which is maintained in the hearth. Practice is now going 
along hand in hand with theory in enlarging the hearth, 
thereby increasing furnace productivity and somewhat 
improving fuel economy. 

It is to be expected that with growth of knowledge theory 
instead of lagging behind will lead practice along the path of 
progress. An attempt to correlate the two would therefore 
seem to be in order. What is and always should be asked is 
the question: what limits efficiency? Why is coke consump- 
tion not smaller or production larger? The answer should 
tell whether efficiency can be improved and, if so, how. Desir- 
ability of improvement may then become a live question. 
At present there seems to be but little choice in the matter. 
The introduction of the hot blast a hundred years ago was a 
great metallurgical advance. Today, with the highest blast 
heats, the furnace is as yet less than 40 per cent. efficient in 
iron smelting. It is usually more than 40 per cent. efficient 
in gas producing. 

1R. Franchot, Specific Efficiency of the Blast Furnace, A. I. M. E. paper 
No. 1596 C, October, 1926: Mining and Metallurgy, September, 1926. 
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Practice, then, would seem to be very much in need of a 
theory to account for the fact that the furnace is as a rule a 
better gas producer than iron smelter. Strangely enough, 
there is not to be found in the literature any generally 
accepted explanation of this outstanding fact. The text- 
books of iron metallurgy do not even offer a comprehensive 
hypothesis purporting to show why, in coke practice, not less 
than 60 per cent. of the coke carbon, often more than 70 per 
cent., leaves the furnace as CO. The lack of a clear, definite, 
adequate estimate of the causes underlying fuel economy is 
probably closely related to the fact that modern American 
practice shows, on the average, no better efficiency than 
that of Lowthian Bell in the Cleveland District, England, 
two generations ago. A great advance has been made in 
mechanical methods, accomplishing a ten-fold increase of 
productive capacity. Metallurgical methods have not 
changed in 100 years. 

There is no mystery in the functions of the smelting 
process. [ron has to be reduced from its oxides, melted and 
separated from the ore gangue by fluxing the latter with lime. 
At the same time the coke ash has to be fluxed; the coke 
sulphur kept out of the iron; and the desired amounts of 
silicon and other minor constituents have to be reduced and 
put into the pig. There is a quite definitely known amount of 
heat or energy absorbed in each of these items of work. The 
heat is generated by burning carbon and preheated alr, 
forming CO, which in being oxidized to CO, develops energy 
absorbed in reduction. The heat and energy supplied by 
carbon and heated air in the proportions required for CO 
formation are well known quantities. Hence there is a defi- 
nite quantitative relation between the heat plus energy value 
of a unit of carbon and the heat and energy actually absorbed 
in producing a unit of pig iron with its accompanying slag. 
On examining this relation, it is seen that the reaction be- 
tween hematite and carbon monoxide, in which the energy 
developed in the oxidation of 3CO to 3CQ, is a little greater 
than that absorbed in the reduction of Fe:O, to 2Fe, involves 
a ratio of iron to carbon by weight of 1:0.321. In other 
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words, the oxidation of a pound of carbon from CO to CO, 
develops somewhat more heat than that absorbed in iron 
reduction for 3.30 pounds of a 94 per cent. pig. It is further 
seen that in CO formation by air with blast at 1200° F. 
(649° C.) and five grains moisture, a pound of carbon develops 
a quantity of heat (3160 pound-calories or centigrade units) 
equal to that absorbed in the production of 3.95 pounds pig, 
at 800 pound-calories per pound. 

In view of the well balanced relation between the heat and 
energy value of coke and air on the one hand and the heating 
and reducing work of the smelting process on the other, the 
reasons for limiting the burden to that which can absorb less 
than 40 per cent. of the coke energy would seem to be well 
worth finding. If the smelting work could be brought up to 
50 per cent. of the coke energy, it would probably mean a 
25 per cent. increased production with little increase of 
operating expense except for ore and stone. The reasons for 
the present limitation to under 40 per cent. would doubtless 
be still clouded in mystery where it not for the light shed 
upon the furnace action by Johnson’s hearth heat theorem. 
We now know that the factors limiting the burden have 
their head, center, and focus in the hearth. If we would know 
what these factors are, we must look at the heat relations 
of the hearth. 

The hearth heat relations center around the fact that it 
is necessary to maintain a temperature of about 1500° C. 
(2732° F.), at least this is the approximate temperature of the 
combustion zone as measured by the temperature of the slag 
running from the furnace at a level somewhat below that of 
the tuyeres.? It appears then that a sine qua non of satisfac- 
tory furnace operation is maintenance of the minimum tem- 
perature of 1500° C. in the tuyere zone where the metal and 
slag receive their final heat treatment before sinking into the 
crucible. In accordance with the Johnson theorem and with 
the well-known exactions of furnace operation, it may safely 


2Johnson, Principles, etc., of the Blast Furnace, page 74; Royster, 
Joseph and Kinney, Significance of the Hearth, Blast Furnace and Steel Plant, 


March, 1924, page 154. 
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be assumed that it is the primary function of the air combus- 
tion to maintain this temperature, that is, to supply heat 
available at 1500° C. at a rate at least equal to the rate at 
which this high degree heat is absorbed by the work done and 
by the various cooling actions going on in this particular zone 
of the furnace. When this heat supply is ample the furnace 
is said to be “‘hot”’ and everybody is happy. 

If it were possible to draw up an accurate heat balance 
showing the items of heat absorption to which the heat avail- 
able at 1500° C. is appropriated and distributed, we would 
then have a detailed accounting of the furnace action in the 
form of a proven theory to which variation of action could be 
referred for explanation and adjustment. From our present 
data on the specific heat capacities of carbon, air and the 
combustion gases we can at least approximate the truth as to 
the amount of heat made available at 1500° C. in the oxida- 
tion of carbon by air of a given blast temperature and mois- 
ture content. Per pound of carbon the amount of heat so 
available is the heat of CO formation, plus the blast heat, 
less the heat of blast moisture decomposition, and less the 
difference between the sensible heat carried at 1500° C. in 
2.33 pounds of CO with 4.26 pounds nitrogen and the heat 
of one pound of carbon at the same temperature. With blast 
temperature 1200° F. (649° C.) and five grains moisture per 
cubic foot, the available heat is 1110 pound-calories per 
pound of carbon burning to CO with 5.6 pounds air, esti- 
mated as follows: 


CO formation from 1 Ib. carbon ...................... 2430 cal. 
5.6 lbs. air, 649° C. X 0.25 specific heat ............... 907 cal. 
_ 3337 cal. 
Less: Decomposition 0.055 Ib. HyO X 3225.................. 177 cal. 
3160 cal. 
6.6 Ibs. CO and Ne 1500° C. X 0.2727,............ 2700 
1 Th..carbon 1500" Gt 0.4888 oe ee 650 2050 cal. 


, 1110 cal. 
We thus are able to measure with some exactness the total 
heat of oxidation available for the maintenance of the hearth 
temperature. ln so doing, we have also, of course, measured 
the resistance which is overcome in maintaining this temper- 
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ature. Some day undoubtedly the details of this heat dissipa- 
tion will be learned with sufficient certainty to dispel the last 
doubt as to what makes the furnace so much of a gas pro- 
ducer. By that time it will probably have become a better 
iron smelter. 

For the present, knowing the total heat absorbed in keep- 
ing the hearth hot and the manner of its generation, it is 
possible to draw a general conclusion as to the gas producing 
function of the furnace. This conclusion seems not only to be 


“ warranted by the facts but to be well nigh inescapable: in 


order to supply the high temperature heat required in the 
hearth it is necessary to burn with air a certain amount of 
carbon relative to the iron; the gas thereby produced carries 
upward from the hearth amounts of sensible heat and reduc- 
ing power, both of which are greatly in excess and out of all 
proportion with the respective amounts of heating work and 
reduction required to be done above the hearth; a result of 
the excess heat being the reversion of a substantial amount 
of CO, to 2CO by reaction with the coke, reflected in 
‘solution ”’ loss. 

Quantitatively, there is in best practice a production from 
hematite ore of 1.5 pounds basic pig per pound of coke car- 
bon; this production involving, with ratios of 45 per cent. 
slag and 40 per cent. stone, some 692 calories of heating work 
per pound pig or 1038 calories per pound coke carbon as 
charged, in addition to 1640 calories for reduction of iron 
(94 per cent.) and seventy calories for reduction of 1 per 
cent. silicon, making 2565 calories of reducing work per pound 
carbon. The total smelting work, 3603 calories, accounts for 
40 per cent. of the 9007 calories total energy of a pound of 
carbon burning with 5.6 pounds of air at 1200° F. The top 
gas composition with a volume ratio of 38 per cent. CO, to 
62 per cent. CO shows that 39 per cent. of the total coke (and 
air) energy is undeveloped and unutilized in the furnace. The 
relation of the 50.5 per cent. coke carbon equivalent of the ore 
oxygen with the limestone CO; to the 38 per cent. CO, ratio 
in the top gas shows that 12.5 per cent. of the coke carbon is 
gasified to CO otherwise than by air and that another 12.5 per 
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cent. of the coke carbon reverts from CO, to CO (or remains as 
CO). Hence, of the 62 per cent. of the coke carbon in the top 
gas as CO, 25 per cent., involving some 40 per cent. of the 39 
per cent. energy loss, is attributable to the solution loss 
reaction, CO, + C = 2CO, absorbing 38,880 calories, 3240 
calories per pound of carbon gasified. The solution loss of 
12.5 per cent. and the 6.5 per cent. of the coke carbon in pig 
and flue dust leave 81 per cent. of the coke to burn with air 
and generate high temperature heat in the hearth. With a 
1200° F. blast and five grains moisture the heat available at 
1500° C. is 899 calories (0.81 X 1110) per pound of coke car- 
bon charged and the heat carried up from the hearth in the 
gas is 1660 calories over the 526 calories absorbed by the 
carbon on its way to the hearth. With 600 calories charge- 
able to radiation and water-cooling in the furnace as a whole, 
it is thus seen that the total heat generated by the air (899+ 
1660 or 2559 calories per pound of carbon charged) is in 
excess by 921 calories of the heat absorbed in the smelting 
work proper (1038 calories) and radiation (600 calories) ; this 
surplus heat being exactly balanced by 405 calories absorbed 
in solution loss (0.125 X 3240) and the 516 calories of top 
heat including moisture evaporation. The surplus heat as 
generated by the air is some 87 per cent. of the heating work, 
besides a negligible balance of heat generated in reduction. 
The hearth heat, being about a third of the total heat, is over 
half of the heat absorbed in smelting work and radiation. If 
it could be assumed that half of the total smelting work and 
radiation devolved upon the tuyere zone where the tempera- 
ture approximates 1500° C., it would follow that the heat 
carried in the gas from the hearth is more than double the 
smelting work and radiation taken care of above the hearth 

1660 
1638-899 

Since of course such an assumption is not warranted, the 
fallacy involved therein need not be discussed here. For the 
present the facts themselves are of sufficient interest: in a 
furnace consuming 500 short tons of coke daily or 850,000 
pounds of carbon, 81 per cent. being burned with air, 478 
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pounds of carbon per minute, 1500° C. heat is generated in 
the oxidation of carbon and dissipated in some way at the 
rate of 530,580 pound-calories per minute (16,800 kilowatts) 
which is 899 calories per pound of coke carbon charged and 


‘ 600 calories per pound of pig iron produced. In addition, the 


combustion products, CO and No, carry away from the hearth 
as sensible heat 989,900 calories per minute (31,000 KW.), 
1660 calories per pound carbon, 1106 calories per pound pig. 
The latent energy of the CO formed in the hearth is 2,710,260 


calories per minute (86,000 KW.), 4592 calories per pound 


carbon, 3062 calories per-pound pig. The stupendous heat 
generation by the air oxygen, equivalent to 64,000 H.P. of 
energy, with a 23 per cent. loss in water-cooling and radiation 
is going on at a rate 87 per cent. faster than the rate of 
absorption in useful smelting work; 15 per cent. of the total 
heat being dissipated (becoming latent) in gasifying carbon 
and 19 per cent. going to top heat. At the same time the CO 
gas formed from the air oxygen is flowing upward at such a 
rate that the iron ore going down in countercurrent can 
(under the laws of chemical combination) oxidize only 55 per 
cent. of this CO to CO,, with the result that 45 per cent. of the 
air CO, together with the equivalent of another 30 per cent. 
of this gas formed in the solution of coke, leaves the furnace 
with its latent energy unutilized therein. The gas flow from 
the top has a calorific power in CO alone of 64,500 KW. and 
2680 KW. in blast hydrogen. The smelting work uses 65,400 
KW. The power equivalent of the entering oxygen is 136,500 
KW., of which 13,700 KW. is contributed by the blast heat 
and 2680 KW. becomes latent in decomposition of blast 
moisture. The 1500° C. available heat, 16,800 KW., is some 
12 per cent. of the total. 

Such are the facts. They would appear almost to interpret 
themselves in terms of reasons why such an immense plethora 
of energy is involved in performing the functions of the smelt- 
ing process and consequently why the furnace is so much of a 
gas producer. Clearly, the limited amount of available hearth 
heat limits the burden to that which can use about 55 per 
cent. of the total energy associated with the air blown, less 
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radiation. Equally clearly the surplus heat actually gener- 
ated by the air is a factor, if not the chief cause, determining 
the rate and extent of gasification of carbon by CO,. This 
gasification involves not only loss or absorption of heat above 
the hearth but also failure of a substantial proportion (12.5 
per cent.) of the coke carbon to burn with air and supply 
hearth heat; this failure being in effect a substantial loss 
(15 per cent.) of hearth heat. This gasification of carbon is 
thus responsible for about 40 per cent. of the total CO loss, 
the other 60 per cent. being due to the surplus CO formed by 
the air and not used in reduction (45 per cent.) ; the total CO 
loss being the equivalent of 75 per cent. of the air CO, repre- 
senting 47 per cent. of the total air energy. Clearly then, the 
gas producing function of the furnace, in which iron ore and 
limestone serve as “‘endothermics”’, is intimately associated 
with the surplus energy necessitated by the hearth condi- 
tions. Gruener’s ideal is not more nearly attained because 
the demand for heat in the hearth is so great that, in supply- 
ing it, the shaft is literally flooded by a surplus (87 per cent.) 
of heat; with a result, in the nature of countercurrents, that 
an eighth part of the coke, more or less, instead of developing 
heat actually absorbs it, free heat becoming latent. And, it 
may be added, there must always be solution loss, unused CO 
and a hot top so long as the burden is limited by a resistance 
involved in hearth temperature maintenance to that which 
can use only a fraction of the total heat developed while 
overcoming that resistance, whatever it may be. In short, the 
furnace suffers from too much heat superinduced by too little. 

Consideration of the heat relations in the furnace as a 
whole leads inevitably to a conception of solution loss as 
being a direct effect of surplus heat. This conception differs 
from the quite generally held view of the carbon gasified 
otherwise than by air as a source of heat. It would seem to be 
evident that the only carbon associated with a positive heat 
development is that burning with air, the carbon otherwise 
gasified being involved in heat absorption, whether it be in 
the misnamed ‘‘direct”’ reduction or by reaction with CO,. 
The principle involved is seen in the fact that when oxygen 
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burns a pound of carbon to CO, it develops 8100 calories and 
when the same amount of oxygen burns two pounds of carbon 
to CO it develops 4860 calories—double the carbon giving 40 
per cent. less heat; the second pound of carbon absorbing 
3240 calories in reaction with CO,; with a fixed amount of 
oxygen, the more carbon, the less heat. The same oxygen 
burning CO to CO, develops 11,340 calories. The point about 
solution loss that needs to be emphasized is that, whatever 
its mechanism, it involves either a failure to develop heat or 


_ an absorption of heat otherwise developed, and whether heat 


becomes latent or remains latent would seem to be imma- 
terial. The loss, absorption or failure is measured by the endo- 
thermic effect of the gasification of carbon by CO; plus the 
heat of CO formation which would be developed if the carbon 
could burn with air. In the case of CO, from limestone, it is 
obvious that the carbon gasified absorbs heat and there is no 
detectable distinction between such CO, and that formed in 
the reduction of oxides by CO. In any case it would seem to 
be misleading to regard the carbon gasified as a source of 
heat. The only known way to get heat out of the solution loss 
reaction is to reverse it! 2CO=C-+CO, develops 3240 calo- 
ries per pound of carbon deposited, which in burning with air 
oxygen develops 3160 calories more. This reaction takes 
place in the furnace as is well known, but not to an extent 
sufficient to offset the greater reverse effect. Surplus heat, 
under the principle of energy conservation, prevents. De- 
velopment without use is impossible. . 
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II.—Tue Disposition oF HeartH Heat 


How a man in the iron smelting business finds himself 
willy-nilly in the power business has been described. The 
fact that in putting enough heat into the hearth a great deal 
too much is applied above the hearth gives a rational basis 
upon which to proceed in seeking ultimate causes for the 
marked gas producing effect, an often-noted symptom now 
explored and measured. Our diagnosis is as yet only partial. 
We have localized the trouble. We know that we have to 
deal with a well defined case of plethora due without doubt 
to hearth trouble. But the trouble has not been defined. The 
hearth must be examined further. 

The first thing to be observed about the hearth heat is its 
relative size. In a furnace making per pound of coke carbon 
1.5 pounds of basic iron from hematite with 45 per cent. slag 
and 40 per cent. stone, burning 81 per cent. of its coke with 
air at 1200° F. and five grains moisture per cubic foot, the 
hearth heat (available at 1500° C.) is seen to be some 12 per 
cent. of the total energy as measured by the air blown. It is 
about 21 per cent. of the total energy used in the smelting 
work including reduction, with the radiation and water- 
cooling added. The hearth heat is some 35 per cent. of the 
total heat primarily generated by the air in CO formation. It is 
54 per cent. of the amount of heat absorbed in melting and 
heating the metal and slag, burning the stone and taking care 
of radiation and water-cooling; reduction by CO absorbing 
no heat. The hearth heat is 1110 pound calories per pound 
of carbon burning with air, 899 calories per pound coke car- - 
bon charged, 600 calories per pound of pig produced. To 
afford a basis for comparison of rather diverse practices 
Table A gives the hearth heats of seven different furnaces in 
terms of the relationships just stated.’ In the next to last line 
of the table the term ‘Primary Efficiency” designates the 
proportion of the total heat generated by air oxygen which 
is absorbed in smelting work and radiation; the remainder 


' §R. Franchot, Specific Efficiency of the Blast Furnace, A. I. M. E. paper 
No. 1596 C, October, 1926; Mining and Metallurgy, September, 1926. 
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being the heat accounted for in solution and top heat. The 
last line gives the CO required for reduction in terms of 
percentage of the CO formed by the air. 


TaBLE A.—ComPpariIson oF BuAst FuRNACE PRACTICES. 


1 2 4 5 6 Hy 
; ; a 
3 a) a a 
aiicautlne shee pales 
2 oO | re a 3 
3 a Soggy (Rey e 4 r= 
2 A & Tl a a q 
5 | 3 Ere a eee 2 ae vise 
3 3 | og 3 ie o 
3 z eo Ao 3 3 & 
a | ss} =| Ss < cs} 
Coke burned with air, per 
ts 81.2} 87.5} 80.9} 81.4] 80.9] 85.7] 93.3 


cent 
Hearth heat, per lb. coke {| 294 817 |809 | 780 | 932 | 433* | 782 


, cal. : 
Meal cnn eee pA] 49 |888 | 642 | 609 | 625 | 230 | 906 


ou Te to pig, pe cent.| 80 | 152 62 43 47 60 69 

earth heat to total energy 

pA a Byuabe etal ease cere te Ate 10 i = 13 6 ’ 
earth heat to total work 

a GERUE. cit miok twee hee : 24 21 al 19 _ Se ze 
earth heat to primary 

= heer) ps CONCH ceils o> 32 31 oe ee eo 19 a 
eart eat to heating 
work, per cent......... { 49 41 51 ow aS ai ie 

Specific efficiency, per cent.| 30.5| 36.4] 37.3] 38.7 39.4| 53.5] 26.9 

Primary efficiency, per cent. | 65 76 64 64 65 73 67 


Air CO used in reduction 
ah or ec aati 35 28 a oa oe te a 


*It is to be noted that in the charcoal furnace the heat available at 1400° C. is 30 
per cent. greater than that at 1500° C., the difference being about 150 calories per pound 
carbon burning with air. 


It is perhaps natural, upon finding in the coke furnace 
that the amount of work done in the hearth is equal to a large 
part of the heat absorbing work done in the whole furnace, to 
jump to the conclusion that this hearth work is made up of 
work inherent in the smelting process. At any rate this 
assumption seems to have been quite generally made.‘ 
Before accepting such an assumption, however, at least before 

4See for example the Report of Advisory Committee on The Use of 


Oxygen or Oxygenated Air in Metallurgical and Allied Processes, Bureau of 
Mines Reports of Investigations No. 2502, July, 1923, page 10. 
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basing upon it any important conclusions, it will perhaps be 
well to examine it. An assumption appears valid only pro- 
vided that: (1) it has a reasonable basis in fact; (2) known 
facts are not inconsistent with it; (3) it explains what it is 
used to explain; and (4) no other valid explanation is avail- 
able. The assumption that heat-absorbing smelting work 
equal to about half of the total of such work done in the fur- 
nace devolves upon the hearth and absorbs heat available at 
1500° C. would seem to be unable to meet any of these 
requirements. 

(1) As a matter of fact none of the smelting work requires 
a minimum temperature of 1500° C. Limestone is completely 
dissociated at much lower temperatures, reduction of iron 
oxides to metal requires only a moderate temperature, iron 
and slag both melt at temperatures considerably below 1500° 
C. and even reduction of silicon takes place below 1500° C. 
Very little heat appears to become latent in sulphur removal, 
the reaction expressed as FeS+Ca0+C=CaS+Fe+CoO 
being only slightly endothermic (seven calories for 2 per cent. 
S in 50 per cent. slag). The formation of slag from CaO, SiOz, 
Al,O3 ete. evolves heat as does solution of carbon in iron. The 
one item clearly using some of the 1500° C. heat is the una- 
voidable loss by water-cooling and radiation. The only basis 
for belief that any great part of the high temperature heat is 
devoted to the smelting work proper would seem to be the 
relatively great speed at which American furnaces are driven. 
Against this belief is the fact that in the Lowthian Bell fur- 
nace (No. 2) shown in Table A, which was worked at about 
one-seventh the modern American rate, the hearth heat 
requirement was apparently not smaller, the greater slag 
ratio complicating the comparison. The charcoal furnace in 
the table (No. 6) made 20 tons daily with a 36-inch hearth 
and 1200 cubic feet working volume. It does not appear that 
increased speed of driving, in general, is accompanied by 
poorer fuel economy. Finally, cold blast charcoal practice 
in which after charging off a reasonable loss in tuyere water 
and radiation very little high temperature heat is left avail- 
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able, tends to show that very little of the smelting work 
devolves upon the hearth. 

(2) The idea that the smelting process inherently requires 
anything like half of its heat absorbing work to be done at 
1500° C. would seem to be effectually negatived by charcoal 
practice in general. Furnace No. 6 gives perhaps an extreme 
example but none the less a typical one. Here it is seen that 
the hearth work per pound of pig (230 calories) with a 60 per 
cent. slag ratio is little more than a third of that in No. 5 


- (625 calories) with 47 per cent. slag. The heat available at 


1500° C. (with a small blast heat) is only 19 per cent. of the 
heat generated by the air as compared with 36 per cent. in 
No. 5 with a blast heat above the average. The 1500° C. 
heat is only 27 per cent. of the total heat absorbing work, 
while in the American coke furnaces it runs from 49 to 56 per 
cent. The fact that a charcoal furnace requires only about a 
quarter of its effective heat to be available at high tempera- 
tures is inconsistent with an assumption that one-half of the 
effective heat in coke furnaces is absorbed in smelting work 
done at high temperatures. The fact indicates that resistance 


_ to the higher temperatures which distinguish coke from char- 


coal practice is due to something other than the smelting 
work proper. 

(3) The assumption fails to explain either the hearth or 
the shaft action. If it is to be assumed that all the heat found 
to be available at 1500° C. is absorbed in items of smelting 
work, it becomes necessary to estimate these items. This 
involves so many purely arbitrary assumptions that one might 
well shrink from the task. It is however easy to show the 
faultiness of these item assumptions as made by others and 
thus their failure to account for the hearth heat. For example 
Johnson,* having to account for 611 calories (1100 Biv.) 
as the hearth heat per pound pig, after noting that this figure 
was 70 calories (100 to 150 B.T.U.) too low (p. 69), figured 
that reduction of 1.5 per cent. Sitook 100 calories (180 B.T.U.); 
that the slag absorption of heat ‘“‘not imparted in shaft” was 
83 calories (150 B.T.U.); that the iron similarly absorbed 


5 Principles, etc., page 72. 
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67 calories (120 B.T.U.); and that there was lost in cooling- 
water, radiation and ‘‘conductance through bottom” 189 
calories (340 B.T.U.); a total of 439 calories (790 B.T.U.). 
Having yet 172 calories (310 B.T.U.) unaccounted for, he 
simply wrote this amount down to reduction of 10 per cent. 
of the ore and thus balanced the account. The manifest errors. 
are as follows: the reduction of silica with gasification of solid 
carbon absorbs 4900 calories per pound Si without consider- 
ing the difference in sensible heat at 1500° C. between the 
reagents and the products which would reduce this figure 
somewhat, hence 1.5 per cent. Si can absorb at the most 74 
calories of the available heat per pound pig as supplied by the 
air oxygen; similarly the constant used for reduction of iron, 
1650 calories (2970 B.T.U.) per pound pig, is the heat of 
formation of Fe.0; without allowing any credit for CO forma- 
tion which would, considering the likelihood that any unre- 
duced iron coming to the hearth is in the form of FeO, make 
the constant not more than 650 calories per pound Fe and 
the heat absorbed in 10 per cent. of the iron reduction not 
over 61 calories. Leaving aside the consideration that there 
is no evidence that any appreciable part of the iron reduction 
takes place in the hearth, the above assumptions on their 
face leave unaccounted for 207 calories per pound pig or 
nearly one-third of the hearth heat. The figures used by the 
Oxygen Committee! are arrived at in the same general way. 
It perhaps need not be pointed out that at least a part of the 
iron and slag are already melted above the hearth, nor need 
it be said that it is questionable whether any ‘conductance 
through the bottom” is properly chargeable against the heat 
available at the hearth temperature. The water-cooling in 
the combustion zone is measurable, but the radiation loss can 
only be guessed at. Some credit also should be allowed for 
the positive heat of slag formation and that of carbon solu- 
tion in the iron. In view of the foregoing, together with the 
much lower hearth heats in charcoal practice, it would seem 
to be safe to conclude that the hearth heat is not to be 
accounted for in smelting work. The assumption does not 
explain the hearth action. Moreover, if it is assumed that 


i a i i i i i i a 


THEORY OF THE BLAST FURNACE—FRANCHOT 149 


about a third of the total heat, which is available in the 
hearth, does one-half of the total work, it is thereby assumed 
that the other two-thirds of the heat, which is applied above 
the hearth, is only half used. This would seem to require 
more explanation than is afforded by a mere assumption 
that only half the work is done above the hearth. If this 
assumption were true, however, increasing the height of the 
shaft should save the hearth some work through doing more 
above the hearth. Experience shows that increasing height 


-results in little, if any, improvement. The assumption does 


not explain the shaft action. 

It is, of course, not to be doubted that the smelting work 
exerts a cooling action in the hearth but an assumption that 
this smelting action accounts for any great part of the total 
resistance to temperature maintenance is clearly unjustifi- 
able. It is entirely possible that only a small fraction of the 
smelting work devolves upon the hearth. 

(4) Nor is the smelting work assumption justifiable on 
grounds of lack of other explanation for the facts. The 
present writer some time ago offered an hypothesis in expla- 
nation of the necessity for limiting the burden as in fact it is 
limited.* This explanation would seem to complete the neces- 
sity of discarding or at least of drastically revising, the 
assumption which has apparently been relied upon to account 
for the relatively great hearth heat dissipation in coke prac- 
tice. This hypothesis may be stated broadly to be that nitro- 
gen fixation in the combustion of air and carbon constitutes 


~ a serious heat absorbing factor resisting temperature mainte- 


nance in the hearth by limiting the proportion of oxidation 
heat made available at the hearth temperature; in short, that 
nitrogen fixation primarily limits the available heat and 
thereby the burden. 

Subjecting the nitrogen fixation hypothesis to the same 
tests applied to the smelting work assumption, it will be 
seen that the hypothesis is broadly based upon the fact that 

6R. Franchot, Economie Significance of Cyanid Accumulation in the 
Blast Furnace. A. I. M. E. paper No. 1490C, February, 1926: Blast Furnace 


and Steel Plant, 14 (1926, May and June) pages 217, 254: The Fixation of 
Nitrogen as Cyanid, Ind. & Eng. Chem. 1924, p. 235. 
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with each pound of free oxygen 3.3 pounds of nitrogen pass 
through the tuyeres and upon the fact that, under the con- 
ditions existing in the combustion zone, nitrogen, instead of 
being, as usually assumed, inert, is reactive, its reactions 
absorbing heat. In coke furnaces the slag is relatively basic, 
a condition in itself conducive to the formation of carbo- 
nitrogen compounds, besides tending to drive alkalis out of 
combination with silica and alumina to form cyanide vapor. 
Alkalis are always present in ores and coke ash and naturally 
tend to accumulate by successive vaporization and conden- 
sation. Cyanides are always present in the hotter zones of 
the furnace. The gas formed at the tuyere noses, where 
oxygen is still free, contains a substantial excess of nitrogen 
over the air ratio, changing within a few inches to a substan- 
tial deficit of nitrogen (excess of CO)’ indicating successive 
oxidation of nitrogen compounds, freeing nitrogen, followed 
by fixation of nitrogen where reducing conditions prevail. 
Above the combustion zone the gases resume almost their 
normal air ratio, showing but little reduction of metal in the 
combustion zone and substantial reversion of cyanide or 
other nitrogen compounds above the combustion zone. 
Measurements have shown actual concentrations of cyanide 
vapor in the combustion gases corresponding to those indi- 
cated by the quantitative gas changes, namely the equivalent 
of a fixation of about 4 per cent. of the air nitrogen. This 
would absorb upwards of 30 per cent. of the hearth heat as 
developed in oxidation. The clouds of ‘‘smoke” or fume seen 
when gases blow from the hearth, averaging more than half 
cyanide with much slag, are confirmatory. 

The smaller hearth heat requirements in charcoal practice 
are consistent with the nitrogen hypothesis. Charcoal slags 
are notably siliceous, as permitted by the low sulphur, this 
low basicity. tending to restrict nitrogen fixation and to 
retain alkalis in the slag and thus lessen their accumulation in 
the furnace with successive formation and reversion of cya- 
nide vapor. The higher temperatures maintained in coke 


’ Perrott & Kinney, Combustion of Coke in Blast F 
ALM be Cleon) firs in Blast Furnace Hearth, Trans. 
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furnaces, together with the limier slags, would seem to set up 
their own resistance, both by way of increased nitrogen fixa- 
tion and also by way of slag vaporization. Sometimes fur- 
naces using ores of higher alkali content and having much 
sulphur to contend with, and therefore requiring a heavily 
basic slag, have been known to increase their coke consump- 
tion from 2100 pounds to 2800 pounds in changing from basic 
to foundry iron. Another fact of practice consistent with the 
nitrogen hypothesis is the sensitiveness of the hearth to vari- 
. ations in stock distribution. The less the heat actually avail- 
able in the hearth to take care of the smelting work unper- 
formed above the hearth, the more sensitive the hearth will 
be to variation of this work. A substantial heat absorption 
by the air nitrogen leaves less of the heat from the oxygen 
available for useful work and would thus account for hearth 
sensitiveness. In general, the marked lack of uniformity in 
furnace action is at least partially explainable on the basis of 
variation in the extent of nitrogen fixation due to variations 
in temperature, basicity, alkali accumulation and the like. 
Sticking in the shaft is consistent with increased vapori- 
zation followed by condensation. Furnaces work better when 
acid; and acidity restricts nitrogen fixation. 

Finally, the nitrogen hypothesis affords a simple but com- 
prehensive explanation of the outstanding fact which has 
long stood in need of explanation, the fact that the burden 
is limited to that which uses not more than 40 per cent. of the 
coke energy, with the accompanying, related fact that 40 per 
cent., more or less, of the coke energy is not developed, 20 per 
cent., more or less, being associated with losses comprising 
carbon in pig and flue dust, radiation and top heat. It will 
be seen in Table A that the four American coke furnaces all 
show practically the same primary efficiency, 64 to 65 per 
cent., that is, the same surplus of heat in terms of percentage 
of the total heat generated by oxygen, namely 35 per cent. 
With the surplus heat generation there is also a surplus of 
reducing power which may be expressed in the same terms as 
45 to 65 per cent. of the total. In other words, 35 per cent. 
of the coke burning with air produces surplus heat which is 
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reflected in solution loss and top heat; 45 to 65 per cent. of 
the reducing power being also surplus. Fixation of 4 per cent. 
of the air nitrogen has been seen to account for about 30 per 
cent. of the heat of oxidation available at 1500° C., and it may 
therefore be said that 30 per cent. of the coke burning with 
air is necessitated by the nitrogen fixation. Hence in the best 
practice, nitrogen fixation furnishes a reason for thirty of the 
35 per cent. surplus heat and for thirty of the 45 per cent. sur- 
plus reducing power; solution loss, due to surplus heat, being 
responsible for some 40 per cent. of the total CO loss in 
addition to the surplus CO formed from air oxygen. 

Nitrogen fixation affords a possible explanation of the 
diminishing return from higher blast heats which seems to be 
unexplainable by the smelting work assumption. If a definite 
proportion of the smelting work requires a temperature of 
1500° C., then it may be expected that increase of available 
heat, which accompanies rise of blast temperature, would 
permit a proportionate increase of burden. This is far from 
what usually happens, as illustrated by furnace No. 5, having 
20 per cent. more available hearth heat than No. 4, but carry- 
ing only 2 per cent. more burden, as shown by the respective 
efficiencies. The diminished return becomes intelligible as a 
result of increased nitrogen fixation and vaporization 
actuated by the increased heat and absorbing the greater part 
of it. In this connection the increased ‘‘smokiness” of unduly 
hot furnaces appears significant. The frequent failure of the 
furnace to “take its heat” is also intelligible as being con- 
nected with vaporization and condensation, causing pressure 
rise as usually observed. 

Perhaps not the least impressive feature of the nitrogen 
theory is its serviceability toward explaining certain facts 
that appear otherwise unexplainable. As yet there has been 
established no fact incompatible with it, while the theory 
itself has a sound basis in fact. It seems at least to possess 
the distinction of being the one theory offering to account 
systematically for low smelting efficiency. If it fails, then 
we are at present without a valid explanation of the 
furnace action. 
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THe CHarrMAN (Mr. E. A. S. Clarke): A discussion of 
Mr. Franchot’s paper has been prepared by Mr. S. P. Kinney 
of the Bureau of Mines, Washington, D. C. This discussion 
will be read by Dr. C. H. Herty, Jr., of the Bureau of Mines. 


Discussion By 8. P. Kinney 
United States Bureau of Mines, Washington, D.C. 


Prior to the publication of Mr. Franchot’s first papers ® ° 
the Bureau of Mines, in coéperation with the Fixed Nitrogen 


* Research Laboratories of the Department of Agriculture, 


became interested in the-subject of cyanide formation in the 
iron blast furnace. An investigation was conducted on a 
Southern furnace for the purpose of determining the effect 
of the formation of alkali cyanides on operation and the 
extent of their presence. The results of this investigation 
have been reported in brief in the press‘, and in full in 
United States Bureau of Mines, Technical Paper 390.° 


SuMMARY OF DATA 


A brief summary of the results follows. The work was con- 
ducted on a Southern foundry furnace. The charge contained 
0.55 per cent. alkali, and 0.28 per cent. of this was in 
the form of K,0. Methods were devised for determining the 
alkali cyanides in the gas stream at different points in the 
interior of the furnace. Samples were collected on three 
planes, from the inwall to the center of the furnace. The 
planes sampled were the tuyere plane, a plane 27 inches above 


1Franchot, Richard, ‘Economic Significance of Cyanide Accumulation in 
the Blast Furnace’: Amer. Inst. Min. and Met. Engrs., Pamphlet 1470-C 
(Feb., 1926). 

2Franchot, Richard, “Specific Efficiency of the Blast Furnace”: Mining 
and Metallurgy, Vol. 7, Sept., 1926, pp. 368-372; Discussion pp. 372-374, 
and Vol. 8, Feb., 1927, pp. 55-60; Vol. 8, March, 1927, p. 145. 

3Franchot, Richard, ‘The Theory of the Blast Furnace’: Advance paper 
to be read before the Amer. Iron and Steel Inst. at New York, May 20, 1927. 

4Kinney, 8. P., and Guernsey, E. W.., “The Occurrence of Alkali Cyanides 
in the Iron Blast Furnace”: Jour. Ind. and Eng. Chem., Vol. 17, No. 7, July, 
1925, p. 670. eBay 

5’ Kinney, S. P., and Guernsey, E. W., “Occurrence, Distribution and Sig- 
nificance of Alkali Cyanides in the Iron Blast Furnace’: U.S. Bureau of Mines, 
Tech. Paper 390, Gov. Prtg. Office, 1926, 37 pp. 


154 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


TABLE A.—CYANIDES AND ALKALI IN GASES AT 


TUYERE PLANE 
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Cubic Feet 


cates 
we 


adore 
oo 


bo load 


RON OMOHKHOWNOHUS 


5. as 


, Cal- 


Total Alkali, 
unces per 1000 


Cubic Feet 
culated as KCN 


O 


1.130 
134 
1.38 
1.38 
1.62 


Cyanide, Ounce 

per 1000 Cubic 

Feet, Calculated 
as KCN 


: ~ 
w 


. - . . ro 
Salo 
COCc oc 
AAA oT 


-081 


Alkali as 
Cyanide, 
Per Cent, 


Nose of Tuyere, 
Inches 


Distance from 


STAT AID DDD SD Cn Cr — 
SSSRRANNSSSSSARSESS 


W209, Wirt rtrd Poo EES 


Volume 
Cubic Feet 


Sono 
on - | 


SCUROODDOONHHNOS 


a 


Total Alkali, 
unces per 1000 
Cubic Feet, Cal- 
culated as KCN 


oO 


So3 
52 ; 
5534| 283 
ssam| 285 
BOO g| 4Eu 
aye] 0m 
OAS 
0.494 | 36 
389 | 27 
812 oo 
-706 54 
.636 28 
.848 22 
1.45 29 
501 9 
1.94 oe 
2.86 65 
3.50 33 
.062 23 
4.42 33 
3.75 61 
4.17 47 
2.30 41 
3.46 | 58 
3.741) ge 
3.60 | 56 


‘ Titration, one drop only; cyanide less than 0.0005 ounce per 1000 cubic feet. 


TABLE B.—CYANIDES AND ALKALI IN GASES AT PLANE 27 
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Cubic Feet, Cal- 
culated as KCN 


Cyanide, Ounce 

per 1000 Cubic 

Feet, Calculated 
as KCN 


Alkali as 
Cyanide, 
Per Cent. 


Distance from 
Inwall, Inches 


INCHES ABOVE TUYERES 


Volume, 
Cubic Feet 
Total Alkali, 
Ounces per 1000 
Cubic Feet, Cal- 
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cyanide less than 0.019 ounce per 1000 cubic feet. 
cyanide less than 0.038 ounce per 1000 cubic feet. 
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Fig. 2.—Cyanide in Gases at Plane 27 Inches above Tuyeres. 
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the center line of the tuyeres, and a third plane 1914 feet 
above the tuyeres. On the latter plane samples taken across 
the plane were augmented by larger tests where 200 cubic 
feet of gas per minute was withdrawn from a point on the 
inwall. Five tests were made covering a period each of 2 to 6 
hours. Approximately 150 samples of fume collected from 
the three planes, from the cinder notch, the iron notch, and 
various other points, were analyzed. From time to time these 


_ samples have been augmented by samples secured from other 


commercial furnaces and the Bureau of Mines’ experimental 
furnace. 


RESULTS OF SAMPLING 


Results of sampling on the three planes in the Southern 
furnace are given in Tables A, B, C, and D, and Figs. 1, 2, 
and 3. 

These figures and tables indicate a cyanide concentration 
at the tuyere plane and at the plane 27 inches above the 
tuyeres, of virtually nothing at the inwall and approximately 
3 oz. (0.18 pound) per 1000 cubic feet at the center. At the 
plane 1914 feet above the tuyeres, the concentration was 
found to be of the order of 3 to 4 oz. (0.18 to 0.25 pound) per 
1000 cubic feet. In the larger tests shown in Table D, a con- 
centration of 3.47 oz. (0.22 pound) per 1000 cubic feet of gas 
was found. In summary it might be stated that the results 
indicate a concentration of less than 0.22 pound of KCN per 
1000 cubic feet of gas in the hearth and bosh of the furnace. 


Errect oN NITROGEN 


The furnace tested consumed 28,600 cubic feet of air per 
minute, which contained 22,594 cubic feet of nitrogen or 
1760 pounds at 32° and 29.9 inches of mercury. A concen- 
tration of 0.22 pound of KCN per 1000 cubic feet indicates 
0.047 pound of nitrogen per 1000 cubic feet in combination 
or that .06 per cent. of the nitrogen entering the furnace has 
combined to form cyanides. 
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Errect oF CYANIDE FoRMATION ON AVAILABLE HEARTH 
Heat 

It is estimated that the heat of reaction, 

K.Si0; + CaO + 83C+Ne2 = CaSiO; + 2KCN + CO (1) 

liquid solid liquid gaseous 
is approximately 70 kilogram calories. In the Southern 
furnace the total volume of gas leaving the hearth per minute 
was approximately 35,000 cubic feet per minute. The total 
heat absorption for cyanide formation and volatilization is, 
assuming 3 oz. (0.187 pound) KCN per 1000 cubic feet, 
therefore ae = ONG < 70 = 1605 kilogram calories 
per minute. Five hundred and thirty (530) pounds of coke 
were burned per minute. Under the conditions assumed by 
Franchot the available heat produced in the hearth at 1500° 
C. is approximately 1000 kilogram calories per pound of coke 
burned. The formation and volatilization of KCN from the 
1605 X 100 

530,000 
of the available heat, a negligible figure. 


hearth dissipates not more than = 0.3 per cent. 


RELATION OF CYANIDE FORMATION AND DECOMPOSITION TO 
VARIATION IN OxyGEN-NITROGEN RatTIo 


The molecular ratio of nitrogen to oxygen in the air sup- 
plied the blast furnace was calculated to be 3.80. In the fur- 
nace the O2 quickly combines as CO and COz, but the ratio of 
N: to total O. (free and combined) should remain the same 
unless chemical changes occur which increase or decrease the 
concentration of O: or N2 in the gases. The change in this 
ratio is therefore of interest as a rough index of the type of 
reaction that occurs in various parts of the furnace. This 
ratio has been calculated from the analysis of gas samples 
taken at various distances from the wall on three planes. The 
results are shown in Table E. 


THEORY OF THE BLAST FURNACE—KINNEY 


159 


TABLE E.—NITROGEN-OXYGEN RATIO IN BLAST FURNACE GAS 


Distance from Wall or (in Plane 6) 


from Nose of Tuyere, Plane 41 Plane 52 Plane 63 
Inches 
Soy eee 2 Naa Gola Dey Et Mas Veorn) OO ee ea oa 3.83 
ORE rere eats: aerct ty cb S setae a 3 3.69 3.65 4.99 
ava (A5 Br APSO iad AL wanton. cteree 
Ble 6 co wuthin Scene rk ake ae eee eae ae ei SOD! Wen b, soe eek baka 4.18 
LD «fice, ¢ ie Why = Ag Bee Oe ann ae cM Bes AE ae aes cect 
125 ee (2 ne eee a i a oe SE (hile on (Pa See a 4.11 
US. 3 Ele © ne wong ie Ree ee ee 3.56 AGS diy clecp sent a 
hole arg tecrone S races See ae DOME BN lDRera ss Sona. 4.29 
PAllic bs Braud re at Ae ee ak ne | ho aS al LA ah eae, Aare ta 
DARI e Se te  e ew he SOO ge Aci. kos eee 4.49 
I oc See bial OER ee Pee ee ed een, oy aie ad Ae ea Mall oie dae ane ins Ee 
Ces 3. ot Osa, Ree te nL eae eo eta 3.76 3.95 3.88 
O10 Soroka a en ee eee Set 3.79 arias 
Zao San gid & 2 eS, RPM ile Ra ee ae SO Ouimaea terete igs 
CAEL Senco) ead, Bh Peer a ke eae roe Male. Brecitc ot ee 3.22 
gos Sa SO CN aE TR ola ak Oe en 78S) See «| See hae, 
tee AS ys Tene ae is Se Ratito le Al WO ras Ree gee 3.09 
Seed Spe 8 oy oa ee ete eee ee EC | ope nee ae 
Ne ty aida ha Cie OR Are elf a (A  oe 2.07 
CC eerenya nn hh ME. dese oh, SAG ies bed roar ee cle ee ee es, 
LS RN el ss A 5 as id Min Ves Sh one PAD LG ae a eer 
CUemrNRee Se ot Ree ek eS i Se COE «Mall |g ease 2 eta 1.68 
Ss 0 8 SEs ee ee Oe ee ee) eae ec 1.20 
De Sones eae ea Se en ee 3.54 TOA Ue erate scents 
DE Saad on ot in, 2 eee OS maT OR OF 8 ey ole Om Oh SR a ee 
Teles ECA ee een Fee ee eee dt SOmmnn eric mening. 
Toho ed BBR RR eed SO ere ee ne ars ac 9 kee ae re 0.96 
CSC) PS A PN Pn og it a 3.02 pete SND EEN Rag 
Leen, = SNE ei ee Lees Ce eel Eamon ree 1.78 1.22 
SSS ORM OFS, Rte ie boat PB) Suet te cil STM Nee Se astra. ahr tre 
Ue Se OC. COG, SENS Sete ne ane eae ee ore a aoe TU al ts echo 
C] Bla. Stud OAR ee Se a eee OA we Pe iereton ee tars aollot haces act 
I Pele a Biel ote © pene | iat an ae ea nl Wns y ROSE. cee NE eI Mee 
REC Een Ree at. en et tae SG Schaal ee ee ee onc clowns 2 ee Rss 
1Plane 194 feet above tuyeres. t 


? Plane 27 inches above tuyeres. 
3 Tuyere plane. 


How far may the variations in this ratio be due to the 
formation and decomposition of cyanides? The formation of 
cyanide decreases the N: and increases the O, (as CO) con- 


tent of the permanent gases. 


K.0 + 3C + Nz = 2KCN + CO 

but the oxidation of cyanide according to the equation 
2KCN + 320; = K2CO; + Ne 

adds N2 and subtracts O2. Hence if the reaction (2) and (8) 


(2) 


(3) 
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are considered by themselves, the nitrogen-oxygen ratio 
should tend to be lower than the air ratio in zones of cyanide 
formation and higher in zones of cyanide decomposition. 
Bell‘ first suggested the reactions with the alkali cyanides as 
part explanation of peculiar variations in this ratio with 
increasing distance above the tuyeres. More recently Fran- 
chot based his calculation of the concentration of alkali 
cyanides in the blast furnace on the observed divergence of 
the ratio from the air ratio as reported by Perrott and 
Kinney.’ 

From the data obtained in the present investigation it 
should be possible to determine whether. there is any quanti- 
tative correlation between cyanide concentration and gas 
composition. The cyanide (or alkali) concentration is much 
too small to account for the alteration in the gas ratio. This 
conclusion seems beyond doubt, even though it leaves no 
adequate explanation of certain variations in the ratio 
observed. For example: At the nose of the tuyere the ratio is 
4.99 as compared with the air ratio of 3.80. One cubic foot of 
air entering the tuyere contains about 1/4.80 cubic foot of 
O, and 3.80/4.80 cubic foot of Ns. Suppose that this cubic 
foot of air burns KCN, so that x cubic feet of N. are pro- 
duced according to equation (3). At the same time 34 x cubic 
feet of O. disappear from the permanent gas, as equation (3) 
also shows. The ratio of N» to O» after this action is in general 
3.80/4.80 +x 3.80/4.80 +x Treacle 
1/4.80 — 3: ase and 1/480 — 94x ~ 4.99; x =0.0293. 

In other words, if the ratio discrepancy is to be explained 
as due to the combustion of cyanide, then each cubic foot of 
gas at the nose of the tuyere contains about 0.0293 cubic foot 
of N» resulting from this combustion. If the fume of alkali 
carbonate resulting from the combustion remains in suspen- 
sion in the gas even for a short time a concentration of alkali 
carbonate equivalent to 154 ounces of KCN per 1000 cubic 


° Bell, I. Lowthian, “Chemical Phenomena of Iron Smelting.’’ London, 
1872, p. 243. 


7Perrott, G. St. J., and Kinney, 8. P., “Combustion of Coke in the Blast 
Furnace Hearth.’ Trans. Amer. Inst. Min. Met. Eng., vol. 69, 1923, 
pp. 543-548. 
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feet should be found. The amount found at this point was 
however, extremely small—of the order of 0.1 ounce per 1000 
cubic feet. Similarly, in order to explain, on the basis of 
cyanide formation, the low ratio, 1.20, found at 65 inches 
from the tuyere, the gas should contain 179 ounces of KCN 
per 1000 cubic feet, as compared with about 3 ounces per 
1000 cubic feet actually found. The low ratios at the center 
of the furnace are due to the accumulation of CO from reduc- 
tion of iron and other oxides. The flow of gas through this 


_ region is so small that a small amount of reduction will have 


a large effect on the nitrogen-oxygen ratio. 
Changes in the Oz, N: ratio at the tuyere nose may be due 
to the oxidation of iron 


2Fe + O, = 2FeO (4) 


Wist® and Koppers’ have made certain claims in this respect. 
Wiist seems to be as sure that the ratio changes are due to 
oxidation of iron as Mr. Franchot is that they are due to 
cyanides. 

Discussion 


Mr. Franchot’s paper, ‘‘The Theory of the Blast Fur- 
nace,”’ is the third’? of a series of papers which he has pre- 
sented dealing with cyanide formation in the iron blast 
furnace. 

As a basis of calculation for the cyanide present in the 
iron blast furnace, Mr. Franchot has used the nitrogen- 
oxygen ratio of tuyere gas from eleven commercial furnaces as 
observed by Perrott and Kinney’. The papers are not 
accompanied with any original data except for a statement 
made in his first paper in which he says; ‘“‘ Measurement of 
the cyanide concentration of gases taken from the cinder 
notch has shown as much as 9 pounds KCN per 1000 cubic 


8 Wiist, Fr., “The Influence of Oxidation Processes in the Blast Furnace”’: 
Tron and Coal Trades Review, March 25, 1927, vol 114, No. 3082, pp. 480-81. 

9Koppers, H., “Fortschritte auf dem Gebiete der Kokserzeugung, der 
Einfluss der Koksbeschaffenheit auf den Hochofenbetrieb und Vorschlage fur 
die Verbesserung des Letzteren.”’ Stahl und Hisen (1921) 41, 1173-81, 1254-62 j 
“VYorschlage zur Prufung des Kokses fur Hochofen- und Giessereizwecke.’ 
Stahl und Eisen (1922) 42, 569-73. 

10See footnotes 1, 2 and 3, above. 
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feet, over 4 per cent. by volume.”’ Cyanide samples secured 
by the Bureau at the cinder notch were irregular and could 
not be duplicated and were therefore not considered repre- 
sentative of the actual cyanide concentration of the gas 
stream. In comparison to Mr. Franchot’s stated value of 
9 pounds per 1000 cubic feet the Bureau found, after care- 
fully sampling the gas stream across three planes in a com- 
mercial furnace, less than 0.22 pound per 1000 cubic feet. 

Mr. Franchot indicates that 4 per cent. of the air nitrogen 
is combined or takes part in the nitrogen fixation; the 
Bureau’s results of actual sampling indicate, as calculated 
above, that 0.06 per cent. of the nitrogen is combined as KCN. 

Sufficient evidence has not been produced to warrant the 
statement given in Mr. Franchot’s first paper’ in which he 
states: “‘Cyanide accumulation has been found sufficient to 
account in vaporization for over 30 per cent. of the coke 
burned to keep the hearth hot.” In calculations set down 
above it is shown that the effect of cyanide formation on 
available hearth heat, on the furnace tested by the Bureau, 
is of the order of 0.3 per cent. 

Since the Bureau has found that the effect of cyanide 
formation on available hearth heat is negligible it can not 
agree with the statement which says: 

‘It may be safely concluded that improvement can only 
be effected by way of adjustment of the balance between 
hearth and shaft. By withdrawing gas from the shaft and 
increasing the burden a closer balance between work and 
energy is to be secured. The result is to be an improvement 
of efficiency in three respects: increased production, decreased 
coke“consumption, and recovered fixed nitrogen. ”’ 

Sufficient data do not seem to have been included to 
warrant the following: 

“There can be little doubt that at present the mechanical 
difficulties, evidenced by hanging, sticking and slipping, are 
enhanced by the condensation in the shaft of volatile saline 
substances such as cyanides and of slag which are vaporized 
in the hearth and carried up in the gas. Such condensation 
must tend to fill up the spaces around the pieces of coke and 


ee ee ee 


ee eS Se ee ee ee eae 


THEORY OF THE BLAST FURNACE—KINNEY 163 


reduced ore, thus increasing resistance to the passage of gas 
and, as well, increasing any tendency toward scaffolding. ”’ 

On the Bureau’s findings it can not agree with the 
hypothesis: 

“The hypothesis may be stated broadly to be that nitro- 
gen fixation in the combustion of air and carbon constitutes 
a serious heat absorbing factor resisting temperature mainte- 
nance in the hearth by limiting the proportion of oxidation 
heat made available at the hearth temperature; in short, that 


. nitrogen fixation primarily limits the available heat and 


thereby the burden.”’ 

Nitrogen fixation, according to the Bureau’s findings, has 
little effect on the available heat and the ore-coke ratio; it is 
believed, however, that a more efficient use of the gases 
issuing from the bosh of the furnace can be made, this through 
obtaining better and more uniform contact between the gases 
and solids in the shaft of the furnace. 

Mr. Franchot has vigorously attacked the Bureau’s 
results of sampling; such an attack, if accompanied by suffi- 
cient original data to substantiate conclusions, should be con- 
sidered, but until Mr. Franchot or some other investigator 
proves that there are concentrations of cyanides in the hearth 
or bosh of the blast furnace in sufficient quantities to materi- 
ally limit the burden charged and effect the coke consump- 
tion, it would only seem logical that the findings of the 
Bureau should stand. — 

In conclusion, it is suggested that further work could be 
done on the cause and effect of changes in the nitrogen- 
oxygen ratio at the tuyeres and in the hearth of the furnace. 
The Bureau, in exploring the hearths of eleven furnaces, has 
pointed out that this change in ratio exists, and in a supple- 
mentary investigation has made a survey of the hearth and 
bosh for cyanides. Some fundamental work on the oxidation 
of ‘iron in the hearth might be of value and interest to the 
iron producer. 


Tue CuarrMan (Mr. E. A.S. Clarke): I have been in the 
habit, sometimes, of commenting on the papers that have 
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been read, but this subject seems very abstruse—the opera- 
tion of the blast furnace always seemed so to me—and 
authorities seem to be at least in partial discord, so I think 
that any comment had better be withheld. We shall let the 
experts work it out. 

The next paper is on ‘‘The Gas Permeability of Refrac- 
tory Brick used in Metallurgical Furnaces” by Mr. F. A. 
Wickerham, Assistant, Central Research Bureau, Carnegie 
Steel Company, Pittsburgh, Pa. 
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THE GAS PERMEABILITY OF REFRACTORY 
BRICK USED IN METALLURGICAL 
FURNACES 


F. A. WickERHAM 


Assistant, Central Research Bureau, Carnegie Steel Company, 
Pittsburgh, Pa. 


Engineers and plant executives, who have made a study 
of fuel conservation, are familiar with the fact that a large 
amount of heat is lost in industrial furnaces through leakage 
of gases through the brickwork of the furnaces. This leakage 
is generally attributed to poor construction of the walls, bad 
joints between the bricks, or cracks in the brickwork. Few 
realize to what extent the heat losses are due to actual 
passage of gas through the bricks themselves. 

The leakage of gas through bricks may be easily demon- 
strated by a few simple tests. If a small funnel is placed 
against one face of certain kinds of ordinary refractory 
bricks and a tight seal is made around the edges of the funnel 
with paraffin, it is possible, by blowing through the funnel, 
to blow out a lighted match or candle with one’s breath. It 
is also possible to blow smoke from a cigar through the 
brick, while ordinary fuel gas may be blown through and 
ignited on the opposite side. Fig 1. shows a brick with gas 
burning on one face after passing through the brick. 

The passage of gases through bricks is not, as most 
people believe, entirely due to inter-communicating open- 
ings or pores in the bricks themselves. The openings do have 
their effect, but the flow of gases is also dependent on a kind 
of diffusion, or what may be called osmotic effect. 

The investigation of the gas permeability of bricks was 
started as a result of a study of the heat losses in an open- 
hearth furnace, particularly in the flues and regenerator 
chamber walls, or that portion of the furnace below the floor 
level. The open-hearth furnace at best is only about 18 per 
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cent. efficient, and any reduction of heat losses will immedi- 
ately show up in a saving in fuel. In this study it was 
developed that in addition to the air drawn in through the 
saucer of the air valve, almost 100 per cent. excess air was 
being drawn in through the walls and flues between the air 
valve and the furnace proper. A similar condition was 
found on the out-going end, the volume of waste gases being 
almost doubled between the furnace and the stack. 


Fig. 1.—Gas Burning on Face After Passing 
Through Brick. 


This meant that the furnace was being operated under 
conditions that would require considerable excess fuel. On 
the in-coming end there was so much air passing through the 
regenerators it was impossible to preheat all the air to the 
desired degree of preheat. On the out-going end, the hot 
waste gases were diluted to such an extent that they were 
unable to heat up the regenerators to the desired temperature. 

The brickwork in this furnace was in particularly good 
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condition. Before making the test, all apparent cracks were 
carefully sealed, and the furnace put in as good shape as 
possible. While some of the leakage was no doubt due to 
cracks that could not be seen or poor joints, it was apparent 
that some must be due to leakage through the bricks in 
the wall. 

A study of the literature on the gas permeability of 
bricks showed that the work most frequently cited was a 
paper read by 8. Wologodine before the London Congress of 


' Applied Chemistry in 1909. 


Recently work of a similar nature has been carried out at 
the Engineering Experiment Station, University of Illinois, 
and at the Tohoku Imperial University in Japan. 

The present investigation was made to try to imitate in 
a practical way what might be expected of bricks in actual 
service. The objection may be raised that the investigation 
was not scientifically accurate, but it is believed the results 
obtained would be closely approached under actual service 
conditions. With a few exceptions, the work was carried out 
on full size bricks taken at random from the stock on hand. 


APPARATUS AND METHODS 


After doing considerable preliminary work in developing 
a practical method for determining the permeability of 
bricks, the apparatus shown in Fig. 2, was adopted. 

This apparatus consists of a gasometer “‘G” holding 
approximately two cubic feet of gas. Pressure was regulated 
by weights ‘‘W” on top of the gasometer, the pressure being 
measured by the manometer ‘‘A,”’ which was connected to 
the gasometer by a tube leading to stop-cock ‘“‘C.”’ The gas 
was exhausted through hose connection ‘‘H”’ leading to test 
specimen holder ‘‘B.”’ The amount of gas exhausted was 
shown by graduations on the side of the holder. 

The specimen holder ‘‘B” consisted of a clamp for holding 
the brick, and a funnel ‘‘F”’ connected to hose leading to the 
gasometer. A soft, rubber gasket was provided for use 
between the funnel and the brick. The size of gasket adopted 
was 1.130’ diameter, so that an area of one square inch of 
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brick surface was exposed to the gas coming from the gasom 
eter, the opposite side of the brick being uncoated. 

One of the first difficulties was to provide a gas-proof 
seal around the funnel and on the sides of the brick, so that 
no gas could escape, except through the uncoated face of the 
brick. After a trial of a number of substances, coating with 
paraffin was adopted as being the most efficient. The best 
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Fig. 2.—Appara 


results were obtained when the molten paraffin was at a 
temperature of about 150° F. The coating was either applied 
with a brush or by quickly dipping the brick in the molten 
paraffin in such a way that only the sides and the portion of 
face that was to be sealed were coated with paraffin. 

The paraffin, on coming in contact with the cold brick, 
chilled quickly and gave a gas proof coating. Examination 
showed that, when properly applied, the paraffin did not 
penetrate into the inner pores of the brick and was only a 
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surface coating. In applying the paraffin, particular care 
was taken to see that the one square inch of brick surface 
covered by the funnel, in other words, the surface exposed to 
the gas, was in no way affected by the paraffin. 

In conducting a test, gas was forced into the holder, then 
weights were added to give the desired pressure. After the 
brick had been placed in the specimen holder and sealed, the 
valve connecting the hose ‘“‘H” to the gasometer was opened 
and the gas allowed to escape through the brick. When the 


holder dropped to the starting point, the time required to 


pass one cubic foot of gas through the brick was taken with 
a stop watch. 


THE INVESTIGATION 


It was not proposed that this investigation should cover 
a study of the actual heat losses in various kinds of furnaces 
due to leakage of gases. Its purpose was to determine the 
gas permeability of the ordinary bricks used in furnace con- 
struction, with a view of providing means to prevent or 
reduce the loss of heat due to passage of gas through the 
brick walls. 

A number of different problems are involved in such a 
study, among which are the following: 


Errect oF AREA OF Brick ExposEep To GASES 


The results with different areas exposed to gas are shown 
in Table A. 


TABLE A.—EFFECT OF DIFFERENCES IN AREA OF BRICK 
EXPOSED TO GAS 


Reg an pans 
1 cu.ft. of Free 
5 c Area of Exposed | ‘OF 
Kind of Brick. -7, | Air at 44 Ib. Pres- 
Surface of Brick. aiite CoN aas 


Through Brick. 


Square Inches. 


Standard Silica Brick, 24” Thick......... 1 439 
SAIN erick eae aes heer eat Mewrnas 10 135 
Standard Silica Brick, 2144” Thick......... 1 290 
Dae TiC lens meer incre aerate ee tao en 10 92 
Standard Silica Brick, 2144” Thick......... iJ 320 
Samet ric ya ns cla eecikeeeiecoa es 10 103 


Standard Silica Brick, 214” Thick......... 1 293 
Same srick wee e settee nic Gre oe ce a, ols ip = 89 
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The results show there is considerable variation in the 
permeability of different bricks of the same kind, but when 
the test is made on the same brick, the time required for 
one cubic foot of free air to pass through different exposed 
areas varies inversely as the square roots of the exposed areas. 

The extent of the exhaust area on the opposite side of the 
brick also has an influence on the time required for a given 
amount of gas to pass through a brick. 

When a brick prepared by the regular method for testing 
was immersed in water and air passed through the brick, the 
bubbles appearing on the uncoated face of the brick indi- 
cated that the air was fairly evenly distributed over the 
whole surface, and did not pass through a relatively small 
area directly opposite the surface exposed to the air. To 
determine the effect of area of exhaust surface, tests were 
made on the same bricks, in which the exhaust area was 
gradually decreased by coating with paraffin. The results 
are given in Table B. 


TABLE B.—EFFECT OF AREA OF EXHAUST SURFACE ON 
RATE AT WHICH AIR PASSES THROUGH BRICKS 


Time in Seconds 

for 1 cu.ft. of Free 

Area of Exhaust | Air at 44 lb. Pres- 

Kind of Brick, Surface on Oppo- sure to Pass 
site Side of Brick. |Through 1 sq. in. of 
Exposed Surface 
of Brick. 
Square Inches. 

Standard Silica Brick, 214” Thick......... 36 405 
Dame Driokes..:<-<cnrmen ahen eieee 18 445 
PaMOe Brick : sickens Se ee 9 475 
BaMG ATIC in as ea ee ena See 414 534 
Samo Brick so. . poe ee ae 1 668 
Standard Silica Brick, 214” Thick......... 36 335 
PaAMOBTIGk =: (exces Sepia Wao ts acl 18 350 
RING STICK tty te ae ee 9 362 
Satna arid. ec tec ee eS ce RAE a 414 410 
DAIMGUSTICK, 4 th. ates ne eee eee el 1 546 
Standard Fire Clay Brick, 2144” Thick... ... 36 930 
DATE ENiCk oh oe knee em 18 1014 
SAMO DMC. csc at; eee. See ee 9 1082 
Same Bricks kik io, Soe ee ee 414 1215 
SINS Bribie. Sweep ead eke 1 1572 


The results show that the area of the exhaust surface has 
a considerable effect on the time required for one cubic foot 
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of free air to pass through a brick. Lack of uniformity in the 
structure of different parts of the same brick has probably 
had a marked influence on the results and it does not appear 
to be possible to establish a law covering the relation between 
different exhaust areas. 

For this reason, tests made on bricks of the same thickness 
but with exhaust areas of different size are not comparable. 
With a few exceptions noted, all the work in this investiga- 
tion was carried out using an exhaust area of the full 9” x 
416" face. Where exhaust areas of other sizes were used, the 
comparisons are made between bricks with the same 
exhaust area. 


EFFECT OF DIFFERENCES IN PRESSURE 


Gas pressures in ordinary industrial furnaces with a few 
exceptions, such as the blast furnace and hot blast stove, are 
low, varying from a few tenths to a few inches of water 
column. This is particularly true in such parts of the fur- 
naces as would be effected to the greatest extent by leakage 
of gases. 

Preliminary tests at different pressures showed that the 
time required for one cubic foot of air to pass through the 
same brick at different pressures bore a fairly constant 
relation. These tests also showed that at low pressures a 
long time would be required to complete one test, particu- 
larly on bricks of certain kinds. - 

As it was desired to test as many bricks as possible in a 
minimum time, the pressures used in this investigation were 
higher than those ordinarily found in service. Most of the 
work was done at one pound or one-half pound pressure, 
depending on the character of the brick. Tests were also 
made at one-quarter pound pressure to determine certain 
features. 

The time required for the gasometer to exhaust one cubic 
foot of free air into the atmosphere at pressures of one pound, 
one-half pound and one-quarter pound was 9.38, 13.3 and 
18.7 seconds respectively. The time varied inversely as the 
square roots of the pressures. 
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This same relation did not exist when the air was passed 
through bricks. Table C gives the results of tests made on 
different kinds of bricks. 


TABLE C.—EFFECT OF DIFFERENCES IN PRESSURE ON TIME 
REQUIRED FOR AIR TO PASS THROUGH BRICKS 


Time in Seconds for 1 cu. ft. of 
|Free Air to Pass Through Brick per 


Kind of Brick. oq, in. Expaned Ares, 
b. 46 lb. lb. 
Pt Picea: Ph net 

Standard 9 Silica Brick, 249” Thick—A....... 161 321 632 
Standard 9” Silica Brick, 2144” Thick—B. ...... 154 300 604 
Standard 9” Silica Brick, 249” Thick—C....... 157 319 633 
Standard 9” Silica Brick, 249” Thick—D. ..... 232 467 912 
Standard 9” Silica Brick, 244” Thick—E....... 238 476 943 
VOPR ie lec cc Vanier Seas ok amy eR 188 376 745 
Chrome Brick, 24” Thick—A .... 2.0.0.2... 98 201 395 
Chrome Brick, 246” Thick—B................ 171 331 652 
Chrome Brick, 249” Thick—C . . 2... 199 392 775 
Chrome Brick, 249” Thick—D..... 2.2.2.2... 176 342 670 
Chrome Brick, 249” Thick—E.. .. 2... 2.20... 187 362 718 
BVOCORR See oa ioe Wee Keke 166 326 642 
Magnesite Brick, 2144” Thick—A............. 546 1075 2142 
Magnesite Brick, 219” Thick—B. ............ 630 1256 2496 
Magnesite Brick, 249” Thick—C. . 2... 2.22... 462 928 1850 
Magnesite Brick, 246” 'Thick—D............. 547 1074 2140 
Magnesite Brick, 249” Thick—E. ............ 448 890 1775 
PIWNROR G55 ain sc sln CK cA ee 527 1046 2081 
Standard 9” Fire Clay Brick, 2144” Thick—A...| 472 920 1780 
Standard 9” Fire Clay Brick, 244” Thick—B. . . 532 1024 2005 
Standard 9” Fire Clay Brick, 244” Thick—C...| 501 980 1984 
Standard 9” Fire Clay Brick, 249” Thick—D...) 641 | 1266 | 2510 
Standard 9” Fire Clay Brick, 216” Thick—B. . . 978 1950 3884 
PYUORG. 6 655 cq ss vavues Sas ences 625 1228 2433 


While there was considerable lack of uniformity in the 
results obtained at any given pressure on different bricks of 
the same kind, when a comparison is made of the time for one 
cubic foot of air to pass through the same brick at different 
pressures, the results are approximately inversely propor- 
tional to the pressures. Numerous other tests at one pound 


and one-half pound pressure showed approximately the same 
relation. 
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RELATIVE PERMEABILITY 


Tests on different kinds of refractory bricks, such as 
silica, chrome, magnesite and fire clay, gave the results 


shown in Table D. 


TABLE D.—RELATIVE RATE AT WHICH AIR PASSES THROUGH 
DIFFERENT KINDS OF REFRACTORY BRICKS 


Kind of Brick. 


Time in Seconds for 1 cu. ft. of 
Free Air to Pass Through 1 sq. in. 
Exposed Area of Brick. 


1 lb. Pressure. 


Standard 9” Silica Brick—A.:............. 
Standard 9” Silica Brick—B............+. 
Standard 9” Silica Brick—C...........0. 
Standard 9” Silica Brick—D............... 
Standard 9” Silica Brick—E............... 


BV CELT UW icin! SRA cee So ce 


Standard 9’ Chrome Brick—A............. 
Standard 9’’ Chrome Brick—B............. 
Standard 9” Chrome Brick—C............. 
Standard 9’’ Chrome Brick—D............. 
Standard 9” Chrome Brick—E............. 


DORE Pos en ee 


Standard 9” Magnesite Brick—A one poe ee 
Standard 9” Magnesite Brick—B........... 
Standard 9” Magnesite Brick—C........... 
Standard 9” Magnesite Brick—D.......... 
Standard 9” Magnesite Brick—E........... 


PA WEPAU Cetera Sai etenis aria oe ee Oo 


Standard 9” Fire Clay Brick, 1st Quality—A. 
Standard 9” Fire Clay Brick, 1st Quality—B. 
Standard 9” Fire Clay Brick, Ist Quality—C. 
Standard 9” Fire Clay Brick, 1st Quality—D. 


Standard 9” Fire Clay Brick, Ist Quality—E. |, 


Standard 9” Fire Clay Brick, 1st Quality—F. 
Standard 9” Fire Clay Brick, 1st Quality—G. 
Standard 9” Fire Clay Brick, 1st Quality—H. 
Standard 9” Fire Clay Brick, 1st Quality—I.. 
Standard 9” Fire Clay Brick, 1st Quality—J.. 


161 
154 


¥% |b. Pressure. 


The first quality fire clay bricks showed a greater vari- 
ation among themselves than any of the other varieties, but 
the average time for air to pass through these bricks is 
higher than for the other kinds of bricks. 

Chrome bricks are dense, fine grained and, if judged by 
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appearance only, would probably be considered to be fairly 
impervious to gases. The results, however, show that the 
chrome bricks were the most permeable of the four kinds of 
bricks tested. 

This indicates that the number of pores or openings, their 
size and intercommunication are not the only factors, but that 
the diffusion, previously referred to, plays an important part. 

Fig. 3 shows a comparison of the size of particles between 
a chrome and fire clay brick. 


Chrome Brick Fire Clay Brick 
Fia. 3.—Comparison of Size of Particles ina Chrome and a Fire Clay Brick. 


RELATIVE PERMEABILITY OF FIRE Cray Bricks or DIFFrEr- 
ENT BRANDS AND EFFECT OF Process oF MANUFACTURE 


The silica, chrome and magnesite bricks tested were all 
from the same manufacturer. No comparative tests were 
made with the same kind of bricks made by other manu- 
facturers. 

The fire clay bricks were of different brands from the 
same manufacturer, also brands from other manufacturers, 
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and covered several different methods of making the bricks. 
The results are given in Table E. 
TABLE E.—RELATIVE PERMEABILITY OF FIRE CLAY BRICKS 


OF DIFFERENT BRANDS, AND EFFECT OF PROCESS OF 
MANUFACTURE ’ 


Kind of Brick. 


First Quality Fire Clay... 


First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 


PA VCLA EC cL cn om. 


First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 


PAVERS PE ee hice  cisleuct 


First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 


ISVETEUES hess vs se 


First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 
First Quality Fire Clay... 


AV OLAL ON: we a clas 0 


Fire Clay Ladle Brick... . 
Fire Clay Ladle Brick... . 
Fire Clay Ladle Brick... . 
Fire Clay Ladle Brick.... 
Fire Clay Ladle Brick... . 


AVOPaAZe. sicees eae se 


Fire Clay Ladle Brick... . 
Fire Clay Ladle Brick... . 
Fire Clay Ladle Brick... . 
Fire Clay Ladle Brick... . 
Fire Clay Ladle Brick... . 


AVETAPC Hr ierdecams 


Brick Maker. 


43243 
De be 


NSNNNN 2455506069545 
clolololomm: l-]--1:-1-1 


eohaop-spoohns) 


RAMRN 


Brand. 


eofesesicoiic| wlelelele) 
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Process of Manufacture. 


Hand Made—Repressed 


Hand Made—Repressed 
Hand Made—Repressed 
Hand Made—Repressed 
Hand Made—Repressed 


Dry Pressed 
Dry Pressed 
Dry Pressed 
Dry Pressed 
Dry Pressed 


Auger Machine—Repressed 
Auger Machine—Repressed 
Auger Machine—Repressed 
Auger Machine—Repressed 
Auger Machine—Repressed 


Hand Made—Repressed 
Hand Made—Repressed 
Hand Made—Repressed 
Hand Made—Repressed 
Hand Made—Repressed 


Auger Machine—Wire Cut 
Auger Machine—Wire Cut 
Auger Machine—Wire Cut 
Auger Machine—Wire Cut 
Auger Machine—Wire Cut 


Auger Machine—Wire Cut 
Auger Machine—Wire Cut 
Auger Machine—Wire Cut 
Auger Machine—Wire Cut 
Auger Machine—Wire Cut 


Time in Sec- 
onds for 1 cu. 
ft. of Free Air 
at 1 lb. Pres- 
sure to Pass 
Through 1 sq. 
in. of Exposed 


Area of Brick, 


472 
470 
870 
642 
347 


560 


1525 
1176 

734 
1038 
1378 


1170 


Impervious 
36616 
7840 

Impervious 
4322 


Impervious* 
19116 
5040 


*Hard burned, 
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The results show that the process of manufacture has a 
considerable effect on the permeability of bricks. Bricks 
from different manufacturers made by the same process do 
not show great differences in their average permeability. As 
an example, the average permeability of hand made repressed 
bricks ‘‘A”’ made by manufacturer ‘‘W,”’ compare favorably 
with brick ““D” made by the same process by manu- 
facturer ‘‘Z.”’ ; 

Bricks made by any of the processes show considerable 
variation in the rate at which gas will pass through them. 
The hand made repressed bricks are more permeable than 


Hand Made-Repressed. Dry Pressed. Augur Machine-Repressed. 


Fia. 4.—Comparison of Structure of a Hand Made-Repressed, a Dry 
Pressed and an Augur Machine-Repressed Brick. 


any of the others. The auger machine repressed first quality 
fire clay bricks show the greatest variation in permeability. 
When bricks of this type are well made, they are practically 
impervious to gas. Examination of the structure of auger 
machine repressed bricks, which were permeable to a certain 
degree, indicated that laminations or slight shattering in the 
process of manufacture was responsible for the easier 
passage of the gas through the brick. 

Considerable variation in permeability was also shown by 
the ladle brick of the same brand, but there was not much 
difference between the two brands. The variation is due to 
lack of uniformity in the bricks. When the ladle bricks are 
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well made and well burned or almost vitrified in character, 
- there are no inter-communicating openings between the 
particles and the bricks are impervious to air. Some of these 
bricks were not burned as hard as others, or a certain amount 
of shattering of the brick in the course of manufacture left 
small openings through the brick which permitted the 
passage of gas. 

Fig. 4 gives a comparison of the structure of a hand made 
repressed, a dry pressed, and a brick made by auger machine 
and repressed. It is apparent to the eye that the hand made 
brick is more porous and offers greater opportunity for gas 
to pass through it than the other brick. 


EFFECT OF THICKNESS OF THE BRICK 


If the permeability of the same kind of bricks of different 
thicknesses was in proportion to the thickness of the brick, 
thickness of walls in furnace construction would be a very 
important consideration in the prevention of heat losses due 
to leakage of gas through the bricks. 

Tests were made on bricks of different thicknesses, but 
of the same kind, as shown in Table F. 

Considerable variation is shown in the permeability of 
bricks of any given thickness in both the silica and fire clay 
brick. Making allowance for this lack of uniformity, the 
averages for the silica brick are close to being in the propor- 
tion of the square roots of the thicknesses. 

The fire clay bricks gave contradictory results. The 
average time is approximately the same for the 14-inch 
thick bricks as for 24-inch thick bricks of the same brand. 
As the raw material was the same in both cases, the pressure 
in repressing and the better penetration of the heat in burn- 
ing the 114-inch bricks has apparently had a greater influence 
than the difference in thickness of the bricks. 


RELATIVE PERMEABILITY OF DIFFERENT KINDS OF 
Heat InsuLatTiInG Bricks 


The permeability to gases is usually not considered in 
heat insulating brick. Two different kinds of brick may be 
12 
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TABLE F.— RELATIVE PERMEABILITY OF FIRE CLAY AND 
SILICA BRICKS OF DIFFERENT THICKNESSES 


Time in Seconds for 1 cu. ft. of 
Free Air to Pass Through 1 sq. in 
of Exposed Surface of Brick. 


Kind of Brick. Thickness. 
1 lb. 1 lb. 
, Pressure. Pressure. 

SINGS BNO Gah cer cek.cceme 1%" Thick 103 192 
Silieak Briok oss cacwkedae ass 1144” Thick 114 231 
ciliga Briokinicccmese nae t 1144” Thick 158 315 
Nien BRok cana ccs s exe niers 1144” Thick 154 310 

AVOROPG tc chases weninin 132 262 
SHIGA ROM Ger wid, ars cima aie 2” Thick 127 257 
SINOBABSTIONN caw wines ch © eeaios 2” Thick 161 319 
Slices Brickv. cc csnc eis SOs 2” Thick 180 378 
Giese: Briclts Joo Aekwecs conn 2” Thick 153 303 
SIlOR BOK eos oa ce aes 2” Thick 154 319 

VOPASE Gc wat cena 155 315 
SiliGa Bek vnc csuag we Cees 216” Thick 161 321 
SIDGR BGK. yen chase wiocn 216" Thick 154 300 
SHOR BGK: oi.s esa CAG Y 216” Thick 157 319 
SUlOa BOR 5 <2 atin a <ceeas 216” Thick 232 467 
silion Briok\ cx kis ceuecneen ares 216” Thick 238 476 

BNGISDG wes an cca cubis 188 375 
Silica BNGkeacek un secre cun es 3” Thick 219 440 
DLNOK BLIGRor enon cce wienos . he 2 88 378 
Siisd Beaks on vce Ce eR 3” Thick 41 480 
Shlies Bridle fas s ucnwaneeat 3” Thick 211 420 
GMC BM or coe vent cn ian 3” Thick 214 425 

Average gakiavn Gxt aweiat 215 429 
First Quality Fire Clay Brick..) 114” Thick 1361 
First Quality Fire Clay Brick..| 144’ Thick 1483 
First Quality Fire Clay Brick..| 144’ Thick 1044 
First Quality Fire Clay Brick..| 114” Thick 902 
First Quality Fire Clay Brick..| 144" Thick 1041 

AVSTAQES 65 cenear oun 1166 
Same Brand Fire Clay Brick. .| 214” Thick 1525 
Same Brand Fire Clay Brick. .| 249" Thick 1176 
Same Brand Fire Clay Brick. .|  246’" Thick 734 
Same Brand Fire Clay Brick. .| 21%’ Thick 1088 
Same Brand Fire Clay Brick. .| 214” Thick 1378 

AVOFEGO. 06.0 haemo 1170 


equally good heat insulators in preventing loss of heat by 
conduction, but when the heat is in contact with the brick 
in the form of hot gases, one brick may give much poorer 
results than the other on account of its greater permeability. 


OO 
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A series of tests were run on a number of different brands 
of heat insulating bricks. In most cases the number of 
bricks available for test was limited to one or two specimens. 
Table G gives the results for these bricks. All results are the 
averages of duplicate tests made on the same brick. 


TABLE G.—RELATIVE PERMEABILITY OF HEAT INSULATING 


BRICKS 
Hac eooones A 1 cu. ft. of Free 
Brand. Nee ees phy oa Sane Brick. cae 
1 lb. Pressure. 1% |b. Pressure. 
Insulating Brick—A..... M 957 1920 
Insulating Brick—A..... M 1270 2547 
Insulating Brick—B..... M Impervious Impervious 
Insulating Brick—C..... N Impervious _ Impervious 
Insulating Brick—C..... N Impervious Impervious 
Insulating Brick—D..... O 105 223 
Insulating Brick—E..... P 90 181 
Insulating Brick—F ..... P 532 1017 
Insulating Brick—G..... R 5567 
Insulating Brick—G..... R 9999 
Insulating Brick—G..... R 6040 
Insulating Brick—G..... R 20151 
Insulating Brick—H..... R 613 
Insulating Brick—H..... R 1137 
Insulating Brick—H..... R 2631 
Insulating Brick—H..... R 1202 
Insulating Brick—L..... s 229 
Insulating Brick—L..... S 294 
Insulating Brick—L..... SS) 297 
Insulating Brick—L..... S 257 
Insulating Brick—L..... S 274 


These results show that there is a great difference in the 
gas permeability of different insulating bricks, consequently, 
the heat conductivity of the brick alone is not a true index 
of the value of the brick, unless the manner in which the heat 
is communicated be known. As an example, the heat con- 
ductivity may be the same for bricks ““E” and ‘‘F” from 
manufacturer ‘“‘P”’ but gas will pass through brick ‘“‘E”’ 
almost six times as fast as through brick ‘“‘F.” A great 
difference is also found in some bricks of the same brand, for 
instance, in brands ‘“‘G” and ‘‘H” one brick permits air to 
pass through approximately four times as fast as the most 
impervious brick of the same brand. 
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Errect oF Mortar AT THE JOINTS 

The bricks used in a wall may be impervious to gas, but 
unless the'joints between the bricks are as good as the bricks 
there will be leakage of gases at the joints. A study was made 
of the ability of mortar to resist passage of gas by molding 
standard 9-inch bricks from mortar such as was used in lay- 
ing the brick, allowing it to become dry and then testing for 
permeability. 

A number of samples were made in this manner and then 
dried at 100° C. The samples were then tested in the same 
manner as standard 9-inch bricks. All of the samples were 
impervious to air at one pound pressure. 

To more nearly imitate service conditions, bricks were 
laid together with an 4-inch joint of mortar between them. 
Tests made, after the mortar had been thoroughly dried, by 
placing the funnel opening directly over the joint indicated 
that one cubic foot of free air required two to three times as 
long to pass through one square inch of exposed surface at 
the joint as it did to pass through the bricks on either side 
of the joint. 

These joints were also tested by passing by-product coke 
oven gas through the adjoining bricks and the joints instead 
of air. The gas escaping on the opposite side was ignited to 
show whether the gas was passing through the mortar or the 
bricks. Four different sets of tests made in this manner 
showed that none of the gas escaped through the mortar, but 
that it was all passing through between the mortar and the 
adjoining bricks, or through the bricks themselves. 

These tests indicate that joints between bricks that are 
well filled with dried but not burned mortar are less perme- 
able to gases than first quality refractory bricks ordinarily 
used in the construction of furnace walls and flues. 


PERMEABILITY TO GASES OTHER THAN AIR 


The gases available for test were by-product coke oven 
gas, commercial hydrogen, carbon dioxide, butane and acety- 


lene. Tests made by passing these gases through different 
bricks are shown in Table H. 
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TABLE H.—PERMEABILITY OF THE SAME BRICKS TO 
DIFFERENT GASES 


Time in Seconds for 1 cu. ft. of Free 
| Gas to Pass Through 1 sq. 
Kind of Gas. Kindo: Bick. | in. of Exposed Surface of Brick. 
1 lb. 1% |b. 14 |b. 
Pressure. Pressure. | Pressure. 

pilica: Brick a soc. Air 238 478 952 
Same Brick......... By-product coke gas 157 315 629 
Same Briek. Ls... 5. Butane cutting gas 140 283 504 
Silica Brick: #202)... ok Air 194 386 759 
Same Brick. ........ Butane cutting gas inky. 216 409 
Same Brick......... Acetylene ieee 228 442 
Same Brick. ........ Hydrogen 95 197 395 
ame Bricks). 2... 5 Carbon dioxide ie 338 646 
Fire Clay Brick. ..... Air 536 1064 2107 
Same Brick......... By-product coke gas 349 692 1356 
Same Brick......... Butane cutting gas 361 634 1161 
mame Brick. ../..... Acetylene 357 666 1203 
mame. bri¢ke— a... Hydrogen 257 512 1034 
Same Brick......... Carbon dioxide 504 975 1713 


The by-product coke oven gas used had a density of 
approximately .33 with air at unity. The densities generally 
given for the other gases when pure are: 


A Cetylenes. 2055-55 ee eS 91 
TRY ALOGCT rele rel et at fence Se 069 © 
MSALIOOIL LIOKICE fan hos Re 2 ibe 
LATICES oe a tic ae rae 2.07 


While the gases used in these tests were not pure gases, 
besides containing more or less water vapor by being con- 
fined in the gasometer, it is evident from the results that the 
time for a given amount of gas to pass through a brick bears 
no relation to the density of the gas. This is in accordance 
with the findings of Bunsen and other investigators, who 
have proven that the flow of gases through a porous material 
depends more upon the physical character of the gas than 


it does upon the density. 


PERMEABILITY AT ELEVATED TEMPERATURES 


The apparatus for testing the permeability of bricks to 
gases at temperatures higher than room or normal tempera- 


tures is shown in Fig. 5. 
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The same gasometer ‘“‘G”’ was used as with tests at 
normal temperatures. The brick was held rigidly in place 
over the funnel opening by clamp ‘‘A”’ and was surrounded 
by a coil of pipe ‘‘ C,”’ which was connected by a small tube 
to the gasometer. 

The coil, with brick in place, was set in molten tin heated 
to the desired temperature. The tin was of sufficient depth 


TT 
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Fra. 5.—Apparatus for Determining Permeability of 
Bricks to Gases at Elevated Temperatures. 


to completely cover the coil and to cover the sides of the 
brick almost level with the face, acting as a seal to prevent 
the escape of gas except through the uncovered face of 
brick. An asbestos washer was placed between the funnel 
and the brick, and the funnel sealed around the edges with 
quick-setting cement. 

The molten tin was maintained at a temperature 491° F, © 
higher than room temperature, or a temperature at which the 
volume of gas would be approximately doubled and its 
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density correspondingly decreased, when there was no change 
in pressure. 

Tests were made by passing the gases through the coil 
and exhausting them into the atmosphere through a small 
orifice instead of through a brick. When a cubic foot of gas, 
measured at normal temperature as it. came from the gasom- 
eter, was raised 491° F. in passing through the coil, it 
required slightly less than twice as long to escape into the 
atmosphere as it did when passed through the coil without 
heating. This showed that the volume of gas passing out the 
orifice had been approximately doubled. 

In testing bricks, the coil with brick in place was set in 
the molten tin and allowed to remain until the brick was 
heated throughout, then tested with the different gases. As 
the apparatus used in this test differed materially from that 
used in making the studies with gas at normal temperatures, 
all tests made at temperatures 491° F. higher than room 
temperature had to be duplicated at room temperature to 
secure results that were comparative. This was accomplished 
by allowing the brick and coil to remain in the tin overnight 
until it solidified and cooled to room temperature. When 
tested the next day with gas at room temperature, the sides 
of the brick were effectively sealed by the solidified tin, and 
gas could be passed through the brick in the same manner as 
when heated. Duplicate tests were made in each case, the 
results checking within a very few seconds. 

Table I shows the actual time required for one cubic foot 
of the different gases, as measured at the gasometer, to pass 
through the coil and brick. 

The time required to pass one cubic foot of gas from the 
gasometer through the coil and brick at different pressures is 
not as close to the inverse ratio of the pressures as in the 
former tests in which the gas was passed direct from the 
gasometer to the brick. As this was true with tests made 
with the coil, both at room and higher temperatures, the 
friction of the gas in the coil has apparently been responsible 
for the difference. 

It required almost twice as long for one cubic foot of gas 


U 
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to pass from the gasometer through the heated coil and brick 
as it did at room temperature. This showed that the volume 
of gas had been doubled by raising the temperature 491° F. 
above room temperature. 

On the basis of the same volume of gas passing from the 
brick into the atmosphere, it required less time for one cubic 
foot of the heated gas to escape than it did for the same 
volume of gas at room temperature. This indicates that when 
the bricks and gas are in a heated condition, as would be the 
case in service, more gas will pass through the bricks when 
hot than when cold. 

The time required for one cubic foot of gas to pass through 
the bricks, either hot or cold, did not bear any relation to the 
density of the gases. This confirmed the previous tests 
made with different gases at room temperatures. 

TABLE I.—ACTUAL TIME REQUIRED TO EXHAUST ONE CUBIC 


FOOT OF GAS FROM GASOMETER AND PASS 
THROUGH COIL AND BRICK 


Actual Time in Seconds to Exhaust 1 cu. 
ft. of Gas From Gasometer and Pass Through 
Coil and Brick. 


= 7p t Raised 
eas Kind of Gas. fanperegae, | 401°F. Above Room 
; Temperature. 
1 lb. 4 lb. lb. lb. ‘ 
Pres- owe Re oa oe yo 
sure. sure. sure. sure. sure. sure. 
Fire Clay. .| Air : 680 | 1300-) .... | 1258 | 2166 
Same Brick} Commercial hydrogen) 347 | 665) .... 600 | 1322 
Same Brick} Com. carbon dioxide | 659 | 1213 | .... | 1196 | 2221 
Same Brick} By-product coke gas a49 | “Bolo Soe. 875 | 1514 
Fire Clay. .| Air 1351 | 2577 | .... | 2548 | 4845 
Same Brick} Com. carbon dioxide | 1259 | 2256 | .... | 2290 | 3810 | .... 
Silica Brick} Air 3826 | 613 | 1157 | 627 | 1215 | 2332 
Same Brick} By-product coke gas 208 411 TAL 410 | 815 | 1521 
Silica Brick| Air. SIS W “BOTs. 608 | 1188 
Same Brick! By-product coke gas 198) |) S86. 1, ven 391 760 


PREVENTION OR REDUCTION OF THE FLOW or GasEs 
THrouGH Bricxes 
It has been shown that the various bricks ordinarily used 
in the construction of industrial furnaces are more or less 
permeable to gases. The problem now becomes one of how 


ae 
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the bricks may be rendered impermeable to gases, or how the 
leakage of gases through the bricks may be reduced. 

Reduction of heat losses due to leakage of gases through 
bricks may be accomplished in one of three ways: 


1. Coatings applied to the bricks or wall which will pre- 
vent escape of gases through the brick. 

2. Changes in the present method of manufacturing the 
brick. 

3. Substitution of less permeable bricks for bricks now 
being used. 


A series of tests were made to determine the effectiveness 
of various coatings that might be applied to bricks to reduce 
the permeability. The tests covered sodium silicate, white- 
wash, ordinary fire clay mortar, quick setting cement, and 
different mixtures using tar as a base. 

As silica bricks are very permeable, most of the studies of 
coatings were made with silica brick, as results could be 
obtained in a shorter time, and it was safe to assume that if 
a coating would reduce the permeability of silica bricks, other 
bricks would be affected in like manner. Some tests, how- 
ever, were carried out on fire clay brick to obtain additional 
information. 

Whatever means may be adopted, it must be capable of 
practical application. Coating the outer surface of a brick 
with paraffin renders the brick impermeable at normal tem- 
peratures. Where temperatures are high, there would be 
danger of the paraffin igniting and burning out, or being 
volatilized and its effect on permeability destroyed. 

Sodium silicate is another material that will render a 
brick impermeable to gas when the brick is in a cold condi- 
tion. It can be applied to walls by means of a spray or by a 
brush. Under heat the coating will gradually lose its effec- 
tiveness and will have to be renewed at frequent intervals. 

Whitewash has certain advantages. It is cheap and can 
be easily applied by brush or spray. It would also serve to 
brighten or light up places that are otherwise very dark. The 
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disadvantages are that it cracks and peels off under heat and 
is not very effective in reducing permeability. 

Coating a brick wall with ordinary fire clay mortar has 
the advantage that the coating can be easily applied. It has 
the serious disadvantage that the mortar cracks in drying, 
and there is a tendency for part of the mortar to fall off, 
particularly when subjected to heat. 

The cracking of fire clay mortar in drying can be pre- 
vented to a great extent by mixing certain proportions of 
sodium silicate and sand with the ordinary fire clay mortar. 
This material sets much harder than regular fire clay mortar, 
and adheres to the brickwork much better. Cracking is not 
entirely eliminated by the addition of sodium silicate and 
sand to the mortar, but the results with a well applied coating 
of such mortar recommends its use. 

Tar is another material that has the advantage of being 
cheap, and can readily be applied to walls by brush or spray. 
It is objectionable on account of burning off at higher 
temperatures, and its tendency to dry out or coke and lose 
its effectiveness under heat. At best, when tar is used alone 
for coating bricks, it only serves to reduce the permeability 
at normal temperatures. 

Tar mixed with other materials such as graphite, fire clay, 
asbestos, etc., to give it body, offers certain advantages. 
The mixed material, in the form of a paste, can be applied 
with a trowel. When used where temperatures are low, the 
mixtures greatly reduce the permeability of the bricks, one 
particular mixture rendering both fire clay and silica bricks 
impervious to gas when tested in the cold condition. 

The results of tests of bricks coated with various materials 
are given in Table J. 

All the coatings tried reduced the permeability of the 
bricks when used at normal temperatures. The mixtures 
having a tar base, as a whole, gave better results than other 
coatings when tested cold. When the same mixtures were 
tested with gas and brick at a temperature of about 550° F., 
the bricks coated with a tar base material, which were 
impervious at room temperatures, soon offered little greater 
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TABLE J.—EFFECT OF VARIOUS COATINGS ON PERMEABILITY 
OF 2144-INCH BRICKS 


Kind of Brick. 


Silica Brick—A. 


Silica Brick—B. 
Silica Brick—C. 
Silica Brick—D. 
Silica Brick—A. 
Silica Brick—B. 
Silica Brick—C. 
Silica Brick—A. 


Silica Brick—B. 
Silica Brick—C. 
Silica Brick—D. 


Silica Brick—A. 
Silica Brick—B. 
Silica Brick—A. 
Same Brick—A. 
Silica Brick—B. 
Same Brick—B. 
Silica Brick—C. 
Same Brick—C. 
Silica Brick—A. 
Silica Brick—B. 
Silica Brick—C. 
Silica Brick—D 
Fire Clay—A.. . 
Silica Brick—A. 
Silica Brick—B. 
Silica Brick—C. 
Silica Brick—D. 
Silica Brick—A. 
Silica Brick—B. 
Fire Clay—A... 
Fire Clay—B.. . 


Kind of Coating. 


Whitewash 
Whitewash 
Whitewash 
Whitewash 
Ordinary Fire Clay Mortar 
Ordinary Fire Clay Mortar 


Ordinary Fire Clay Mortar 

Fire Clay Mortar Mixed with 
Sodium Silicate and Sand 

Fire Clay Mortar Mixed with 
Sodium Silicate and Sand 

Fire Clay Mortar Mixed with 
Sodium Silicate and Sand 

Fire Clay Mortar Mixed with 
Sodium Silicate and Sand 

Heavy Coating Sodium Silicate 

Heavy Coating Sodium Silicate 

1 coat of Tar 

2 coats of Tar 

1 coat of Tar 

2 coats of Tar 

1 coat of Tar 

2 coats of Tar 

Tar and Kish 

Tar and Kish 

Tar and Kish 

Tar and Kish 

Tar and Kish 

Tar and Fire Clay 

Tar and Fire Clay 

Tar and Fire Clay 

Tar and Fire Clay 

Tar, Asbestos and Graphite 

Tar, Asbestos and Graphite 

Tar, Asbestos and Graphite 


Tar, Asbestos and Graphite 


Uncoated 
rick. 


Coated 
Brick. 


Time in Sec- 
onds for 1 cu. 
ft. of Free Air 
at 1% lb. Pres- 
sure to Pass 
Through 1 sq. 
in. of Exposed 
Surface of 
Brick. 


1224 
1190 


Time in Sec- 
onds for 1 cu. 
ft. of Free Air 
at 14 |b. Pres- 
sure to Pass 
Through 1 sq. 
in. of Exposed 
Surface of 
Brick. i 


958* 
Impervious 


Impervious 
Impervious 
Impervious 
780 
1222 
708 
1193 
662 
962 
1535 
1603 
2286 
2126 
Impervious 
3834 
2426 
2489 
2142 
Impervious 
Impervious 
Impervious 
Impervious 


* Coating had a number of fine cracks formed in drying. 


resistance to the passage of gas than the uncoated brick. The 
coated bricks at first would be impervious to the gas, but as 
the tar base coating dried out and became more coke-like 
in character, the permeability gradually increased, showing 
that coatings of this character, at higher temperatures, had 
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little value as a permanent protection against leakage 
of gas. 

Since none of the coatings can be said to be satisfactory, 
the next step was to consider the possibility of reducing the 
permeability of bricks by changes in the present methods 
of manufacture. 

The great variation in the permeability of bricks of the 
same kind shows that one of the remedies must necessarily 
be the production of bricks that are more uniform in charac- 
ter. If some bricks of a certain kind are fairly impervious and 
others from the same shipment or lot permit the passage of a 
considerable amount of gas, the manufacturers’ problem is to 
make all bricks of the same kind equally impervious. 

Since silica, chrome or magnesite bricks cannot be vitri- 
fied in manufacturing without destroying their properties, 
little improvement can be expected in the permeability of 
these bricks, except the slight improvement that may be 
obtained by making these bricks more uniform in character. 

Each of these three varieties of bricks possess particular 
and distinctive properties that make their use desirable under 
certain conditions. For this reason, the substitution of a less 
permeable brick of another kind for silica, chrome or magne- 
site brick is, with a few exceptions, not practical. An outer 
course of vitrified clay bricks is impractical in most places 
where any of these three kinds of bricks are ordinarily used, 
as the covering would hold the heat and cause the fusion of 
the inner courses of brick. A thin slurry of special mortar 
would decrease the flow of gases, but the benefit at the high 
temperatures would be small. 

The process used in making first quality fire clay bricks 
has been shown to have a pronounced effect on the gas 
permeability of the bricks. Hand made bricks are the most 
permeable, and well made auger machine repressed bricks 
are the most impervious, with bricks made by the dry press 
process holding an intermediate position. 

Bricks made by each of these processes possess other 
properties than permeability that are desirable under certain 
conditions. The hand made repressed bricks, as an example, 
are less susceptible to rapid thermal changes than fire clay 
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bricks made by the other processes. If the bricks are to be 
used in locations where they are not affected by rapid thermal 
changes, the gas permeability of the wall may be materially 
reduced by substituting fire clay bricks made by other 
processes. 

Glazing or enamelling one or more surfaces of fire clay 
brick to render them impervious to gases is not practical 
from either a commercial or service standpoint. The cost 
of the glazing would be prohibitive in refractory bricks, and 
it would destroy other desirable and necessary properties. 
In addition, the glazing might crack or spall off under heat 
and lose its effectiveness in a comparatively short time. 

Tests made of bricks of a hard, almost vitrified character 
similar to paving bricks, show that they are practically 
impervious to gas. Such bricks are very susceptible to ther- 
mal changes, and would not be satisfactory when used at a 
high heat or under sudden changes in temperature. However, 
bricks of this type can be used to great advantage as the 
outside covering for flues, regenerator chambers, etc., as 
they offer a greater protection against the leakage of gases 
than any other type of brick. 

It has been proposed in some modern open-hearth furnace 
installations to have the flues, regenerator chambers, and 
other parts of the furnace covered with an air-tight steel 
shell to prevent the leakage of gas. Such a shell is costly, and 
it is very difficult to maintain it in an air-tight condition 
unless the shell be kept some distance away from the walls. 
It is necessary to have certain doors or openings in the shell 
and, after the steel becomes warped from continued use, it 
will be difficult to keep the openings sealed. In addition, it 
is not as accessible for repairs. 

When cost and efficiency are both considered, the most 
practical method seems to be to cover the fire clay or other 
refractory bricks, wherever permissible, with an outside 
course of hard, almost vitrified bricks, using extra pre- 
cautions to see that all cracks and joints between the bricks 
are well-filled with mortar. In addition, the walls should be 
coated with a mixture of sand, fire clay and sodium silicate 
to act as a further preventive. 
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Tue CuarrmMan (Mr. E. A. S. Clarke): There will be a 
discussion of Mr. Wickerham’s paper by Mr. Kenneth Seaver, 
General Sales Manager of the Harbison-Walker Refractories 
Company, Pittsburgh, Pa. 


Discussion BY KENNETH SEAVER 
General Sales Manager, Harbison-Walker Refractories Company, 
Pittsburgh, Pa. 

We are indebted to Mr. Wickerham for the emphasis 
with which he has drawn attention to a property of refracto- 
ries hitherto seldom given consideration in industrial furnace 
practice. It seems wholly possible that in a proper under- 
standing of permeability lies the explanation of the discordant 
results obtained by various observers in their determinations 
of thermal conductivity. 

In any consideration of permeability it is well to bear in 
mind that there is no direct relation whatsoever between 
permeability and porosity. The former is that property 
which permits the flow of a fluid whether gaseous or liquid 
through the body of the brick. The latter measures only the 
ratio which the volume of pores in a body bears to the volume 
of the body itself. The block of honeycomb would exemplify 
practically zero permeability and almost 100 per cent. 
porosity. 

While no possible exception can be taken to the relatively 
high pressures employed in this investigation for the reason 
the author cites, nevertheless a proper perspective will hardly 
be obtained unless the fact that they are far above those 
obtaining in actual furnace operation is constantly borne in 
mind. 

The major portion of the data was obtained at a pressure 
of one pound or one-half pound per square inch, correspond- 
ing roughly to twenty-eight inches of water and fourteen 
inches of water. In ordinary furnaces as is pointed out the 
pressure will vary from a slight draft of a few tenths of an 
inch to a maximum pressure of say two or three inches. 

In this connection it is interesting to note an article by 
R. M. Howe and 8. M. Phelps, published in the Journal of 
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the American Ceramic Society, July, 1922, Vol. 5, page 420. 
This article indicates the effect of permeability on the tem- 
perature of furnace walls at various distances from the inside 
face for both plus and minus pressures. 

Some of these data are as follows: 


Furnace temperature ... . ./1340°C./1340°C.|1340°C.|1220°C.|1220°C.|1220°C. 
Pressure of furnace gases. .| +1.00 } +.05 | —.30 | +.95 | +.05 | —.30 
(inches of water) 
Temperature of fire brick: 
Distant from hot surface, 
UI Se eae 1305 | 1265 | 1105 | 1105 | 1075 900 
Distant from hot surface, 
RRO Se coisa wares tows’ 1270 | 1210-| 1020 | 10385 965 800 
Distant from hot surface, 
PAICHCH Store fam hae 1125 | 1040 800 900 770 620 
Distant from hot surface, | 
BAUCHER See oh ess 1040 950 720. 800 660 490 
Distant from hot surface, 
AINE NESS, rs eee reese fa, 5 845 745 515 665 510 355 


It is seen that with a furnace temperature of 1340° C. in 
both instances a reduction of the pressure in the furnace gases 
from +1.00 inch of water to +.05 inches means a lowering 
of the temperature of the brick by some 70° C. at 1% inch 
distance from the hot face and 100° C. at 4 inches from the 
same face. These differences are by no means unimportant 
in the effect upon even a high grade fire brick particularly 
at the higher range mentioned and in view of the fact that 
the higher range closely approximates the temperature at 
which incipient vitrification begins to occur. 

High permeability thus tends to lower the temperature of 
the body of the brick in a furnace operated under minus 
pressure and to raise it if plus pressures are encountered. 

In the effort to eliminate the permeability of silica refrac- 
tories for certain special retorts operated under minus pres- 
sure much work has been done, thus far, however, it has 
seemed impossible to fully prevent the infiltration of atmos- 
pheric nitrogen with a consequent dilution of the gases. No 
progress worthy of note has been made. 

Any attempt thus far has indicated methods so costly as 
to be self-eliminating or, if in any way successful, have so 
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changed the character of the refractory that its last state was 
worse than its first. In full agreement with Mr. Wickerham, 
we look for little improvement in that direction. 

Much can be accomplished, however, by careful brick- 
laying, close but well-filled joints, the use of a mortar that 
air-sets hard, and the coating of the brick, both on interior 
and exterior surfaces, by a thin slurry of properly prepared 
fire clay, preferably applied under pressure with some type 
of gun. 

This clay should be both plastic and refractory, and of such 
a character as to naturally ‘“‘slake”’ in water to an extremely 
fine state of subdivision—with a wet screen analysis of 
say 85 per cent. through 100 mesh. This will fill permanently 
a large proportion of all surface pores and greatly diminish 
the permeability of the brick. 


THe Cuarrman (Mr. E. A. 8. Clarke): Further discussion 
of Mr. Wickerham’s paper will be by Mr. M. L. Bell, General 
Refractories Company, Philadelphia, Pa. 


Discussion By M. L. BELL 
_Ceramist, General Refractories Company, Philadelphia, Pa. 


In attempting a discussion of this paper one is immedi- 
ately confronted with a new conception of a well-known 
property of refractories. It is possible to discuss the paper 
from the standpoint of the mechanism of the phenomena or 
from the significance of the phenomena. The author has 
covered the ground most thoroughly, and the experimental 
evidence presented is such as to leave no doubt that sur- 
prising differences in gas permeability are possessed by differ- 
ent varieties of bricks. At the outset we are forced to correct 
some possible prevailing misconceptions regarding porosity 
and permeability. 

The paper points out that the time for one cubic foot of 
air to pass through a brick varies inversely as the square root 
of the exposed area and also inversely as the area of the 
exhaust side. In general this fits in with Ohm’s conception, 
that is, the flow varies inversely as the resistance, when it is 
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understood that the resistance is increased by a decrease in 
the area of the surface through which the gas enters or leaves 
the brick. 

In further confirmation of Ohm’s law, it was found that 
the time for one cubic foot of air to pass through a brick 
varied as the square root of the pressure, and here it is to be 
understood that an increase in pressure is an increase of 
potential. 

It is noted, when varying the resistance by changes in the 
area through which the gas entered the brick, that the vari- 
ation in resistance was not inversely proportional to simply 
the change in area, as would be normally expected, but 
inversely proportional to the square root of the area. This, 
it seems, is due to the way in which the bricks were set up for 
the test. This set-up was of such a nature that the air, after 
entering the brick, did not flow in a straight course directly 
through to the opposite side of the brick, but rather followed 
a course in the shape of an expanding cone, the only limits of 
the cone being the size of the brick. 

The effect of cutting down the area on the side from which 
the gas left the brick was to lower the permeability or flow, 
but not after a definite rule. However, this seems to be only 
another modification of this cone idea, in which the size of 
the expanding cone is limited by the size of the area by which 
the gas enters or leaves the brick. In other words, the per- 
meability or flow of the air through the brick under the con- 
ditions of this experiment seems to be a function of the nature 
and path of the expanding air which is conceived to be that 
of the volume of a truncated cone. 

If the path of the air through the brick had been straight, 
its permeability would have been a function of a simple 
cylinder. The path which the permeating air takes has the 
effect of causing the flow to be an inverse function of the 
square root of the area of the exposed side in one case, and an 
inverse direct function of the area of the exhaust side in the 
other case. 

The real significance of the data presented in this paper 
will best be arrived at by considering its relation to the heat 
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losses due to the infiltration of cold air into the furnaces, or 
the opposite, where heated gases are escaping. It would seem, 
that, in general, bricks should be made impervious to gases, 
because of possible loss in heat efficiency due to brick perme- 
ability. However, this loss is possibly not as great as might 
at first be expected. At the high temperatures at which most 
refractories are exposed, the inside or exposed surface of the 
brickwork becomes quickly coated with a glaze, which may 
be largely impervious to gases. This glazing is typical of 
open-hearth furnaces, blast furnaces, soaking pits, coke 
ovens, zine retorts, the combustion zone of boiler installa- 
tions, etc. In such installations as checker chambers, anneal- 
ing ovens, or other low temperature work this glazing may 
not occur, as here the temperatures are not high enough to 
form a really vitreous glaze. Gases may undoubtedly flow 
through glazed portions, but no such glaze data is available 
to show the effect of extremely high temperatures. 

It should not be overlooked that a brick made entirely of 
clay mortar was impervious to air at one pound pressure. We 
wonder, therefore, whether or not this does not have con- 
siderable significance when it is realized that in a wall of more 
than one brick thickness a continuous film of clay is inter- 
posed between the two faces and is probably very effective 
in cutting down the permeation by gases. An extension of 
this idea as to the use of mortar to prevent permeability 
would seem to offer more practical possibilities than to 
attempt to change the structure of the brick. 

Until the furnace operator has satisfied himself that the 
heat losses due to permeability are of such proportions as to 
warrant concern, it would probably be wise to go slow in 
installing extra outer walls of impervious brick. A large part 
of the value of this paper will accordingly consist in directing 
attention by future investigators to the actual heat losses 
due to permeability. 


THe Cuarrman (Mr. E. A. S. Clarke): This concludes 


the papers of to-day’s session. The banquet is at 7:30 this 
evening. 
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EVENING SESSION 


The evening session of the Institute was held in the Grand 
Ballroom of the Commodore. After dinner, Judge Gary 
called the meeting to order. 

JupGE Gary: Ladies and gentlemen: This is a very large 
room and pretty well packed. As usual we request you to 
remain silent from now until the proceedings are ended for 
the evening. We know how quiet a very large audience of 
steel men can be. Live up to your reputation. 

The most of you know that at these meetings, commencing 
in the morning of Friday designated by our Board of Direc- 
tors in accordance with the by-laws, we are in the habit of 
having delivered addresses by a few selected gentlemen and 
of introducing those gentlemen to the fine audiences that: are 
accustomed to assemble here in the evening. Their papers 
are splendid, they are very able and instructive and are 
published in the yearly volumes. The most we can do at this 
time is to permit you to meet these authors. 

The secretary of the Institute will now call the names of 
these gentlemen in regular order and they will please rise 
and make their obeisance. Mr. Secretary. 

Tue Secretary: ‘Application of Welding to a Steel 
Structure” by Mr. J. H. Edwards, Assistant Chief Engineer, 
American Bridge Company, New York, N. Y. 

(The gentleman arose amid applause.) 

Tue Secretary: ‘Centrifugal Casting Processes” by 
Mr. John D. Capron, Research Engineer, United States Cast 
Iron Pipe and Foundry Company, Burlington, New Jersey. 

(The gentleman arose amid applause.) 

Tue Secretary: ‘“‘The Operation of Large Haan Fur- 
naces Using Coke made from One Hundred Per Cent. High 
Volatile Coal” by Mr. James E. Lose, Superintendent Carrie 
Furnaces, Carnegie Steel Company, Rankin, Pa. 

(The gentleman arose amid applause.) 
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Tue Secretary: “‘The Pilger Tube Mill of the Pitts- 
burgh Steel Products Company” by Mr. W. C. Sutherland, 
General Superintendent, Pittsburgh Steel Company, Mones- 
sen, Pa. 

(The gentleman arose amid applause.) 

Tue Secretary: ‘‘The Theory of the Blast Furnace”’ 
by Mr. Richard Franchot, Ferro-Chemicals, Inc., Washing- 
ton, D. C. 

(The gentleman arose amid applause.) 

Tue Secretary: “The Gas Permeability of Refractory 
Bricks Used in Metallurgical Furnaces” by Mr. F. ‘A. 
Wickerham, Central Research Bureau, Carnegie Steel Com- 
pany, Pittsburgh, Pa. 

(The gentleman arose amid applause.) 

JupGE Gary: We are very greatly indebted to these 
gentlemen. They have rendered a valuable service to those 
who are interested in the manufacture of iron and steel. 
They are entitled to our commendation, to our praise and 
to our gratitude. 

As you know, we are in the habit through a committee 
headed by Mr. Farrell, year after year, of selecting and invit- 
ing distinguished speakers to come before us at these meet- 
ings and to address us. We try to secure the best speakers, 
the soundest speakers, the highest class speakers available. 
Thus far we have always been very successful. We have 
had a great many such men before us and we have had at 
least one very distinguished woman. You have heard some 
of the biggest people, the finest. people there are anywhere 
in the world. 

On this occasion we have been fortunate in securing the 
acceptance of a gentleman whom I consider, of all the great 
business men in this country, one of the most intelligent. He 
is president of the New York Life Insurance Company, with 
assets almost inconceivably large. If you want to borrow any 
money and you have good security, go to Mr. Kingsley or 
some of his subordinates. With grateful appreciation to Mr. 
Kingsley for being here this evening, I take great pleasure in 
presenting him to this vast audience of distinguished people. 
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Mr. Darwin P. Krnesiny: Judge Gary, ladies, gentle- 
men of the American Iron and Steel Institute: The J udge has 
disappointed me. Early in the evening I passed a slip of paper 
to him telling him what I was going to talk about: I wanted 
him to tell you, because I was afraid if he did not tell you, 
you probably would never find out. (Laughter.) The subject 
I gave him was Power and Per Capita Production. 

In production per capita including men, women and 
children, this country leads the world. Our per capita out- 
put is 150 per cent. of our nearest competitor, the Canadians, 
and 3000 per cent. of the per capita production of the 
Chinese. This productive power is the true explanation of 
our prosperity. It is the real source of our wealth. It explains 
why we remain prosperous and pay wages that seem to both 
the laborers and the statesmen of other lands almost unbe- 
lievably high. 

We produce more per capita than any other people chiefly 
because we use power, other than human power, to an extent 
not equaled by any other people, to an extent approached by 

very few others. We have gone farther than any other people 
in the conquest of drudgery, through the use of coal, both 
black and white, and oil and steel as productive forces. I 
doubt if we surpass many other people in what we vaguely 
define as ‘‘brains”’ but I believe we do surpass all other 
peoples in the spirit of achievement and in a certain indomi- 
table fearlessness and energy. 

We are not just boasting when we claim that ours is a 
civilization superior to all others, ancient or contemporary, 
in our average living conditions. That is a fact that no well- 
informed person in many countries will seriously dispute. Is 
not that the standard by which we have come to measure the 
quality of all past civilizations, the standard by which all 
existing civilizations are now measured? 

We have discovered that the more we produce by power 
which relieves man of drudgery and, through mechanical 
means, multiplies man’s productive capacity, the more work 
there is to do, and the higher wages we can pay. We have 
discovered that there is not just so much work to be done in 
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the world, and therefore, that no one should be allowed to do 
more than his or-her share. On the contrary the demand for 
labor increases with every utilization of a new source of power. 
There is no limit to the volume of labor to: be performed as 
society develops, because there is no limit to the value of 
human life, no limits to its demands, just as there are no 
limits to the universe as we now know it, which nevertheless 
sends us greetings from points so distant that it takes a 
million light years for the message to reach us. That is a bit 
startling when we remember that, as time goes, it was only 
yesterday that men were taught, and believed, that this 
world was the center of the universe and flat. 

I think there is a man somewhere near Chicago who is 
still teaching that cosmogony. 

To limit the use of mechanical power in output is to stand 
for an economic order equally grotesque. Unless we lose our 
courage and become dull-witted we shall yet reach an eco- 
nomic order as far removed from what we now know as some 
of the fixed stars are removed from the earth. 

In the picture, as the handmaidens of productive power, 
are organization, mass production, great courage, scientific 
research, and the spirit of high adventure. 

As I have observed it, the facts that most powerfully 
impress foreigners visiting us are three: our railroads, our 
industrial plants and our architecture. 

Consider a moment the significance of our architecture. 
Without evaluating it in detail by comparison with the archi- 
tecture of Egypt, or Greece, or Rome, or with the product of 
the cathedral-building centuries of Europe, it is certain that 
ours is not only strikingly unlike anything that ever existed 
before, but, more significant still, it is related to the physical 
well-being of the masses more intimately than any earlier 
type, and, while there is a disposition to jeer at it as being 
materialistic, it is, more and more, developing a majesty, a 
front of power and a spiritual appeal, all its own. 

Amongst the factors that have made the sky-line of New 
York possible, steel is first in importance. This city architec- 
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turally is the embodiment of all the forces that give us our 
great per capita productive power. 

IT am not now considering whether our sky-piercing towers 
will last as long as the Pyramids, whether they are as beauti- 
ful as the Parthenon or the Taj Mahal, as enduring as the 
Coliseum, or as elevating spiritually as the cathedrals 
of Europe. 

I am claiming that our architecture differs fundamentally 
from all other types, from the beginning of building up to 
yesterday. All earlier types differed only in detail. Builders 
used the same materials and faced the same limitations. Our 
architecture differs from and is superior to all others in that 
through the use of steel we have decreased mass and weight 
and increased strength and have thereby literally created a 
new science of building. Our architecture has majesty and 
power, and is developing beauty. Moreover it makes that 
majesty and power and beauty a part of the workaday life of 
the people; it lies at the very heart of what someone has called 
the American secret. 

Our architecture is the outgrowth of a quest after business 
efficiency, and human comfort, and was made possible when 
the use of steel solved building problems that were as old as 
man himself; its majesty and strength and beauty reflect 
the fundamental formula that all values are in human life; 
it has increasingly produced beauty and spiritual appeal with- 
out consciously aiming to achieve either—just as mechanical 
power, primarily applied to remove some of the drudgery 
of the world created a demand for more labor and called 
for more power with which to attack the new problems which 
sprang into being as men got a better conception of life. 

I doubt whether our sky-scrapers will last as long as the 
Pyramids. I am not interested in the reflections of Macau- 
lay’s New Zealander who, in a vast solitude, is yet to sit on 
a broken arch of London Bridge and sketch the ruins of St. 
Paul’s. Some Hottentot may some day sit on the broken 
remains of the Brooklyn Bridge and sketch the ruins of the 
Woolworth Tower. : 

We are not building temples with which to immortalize 
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either men or gods. We are building temples which reflect 
the increasing self-respect and the increasing productive 
power of the individual. 

The youth who leaves high school and college today, faces 
a world so different from the world of yesterday that the 
early experience of his immediate forebears has few lessons 
for him. The world was never so interesting as it is now, never 
so much alive, never so complex, never so alluring. Never 
before did youth emerge into a world so packed with oppor- 
tunity. It is a swiftly moving world in which we have no 
place for dead ones. It is a world that is still led by great 
men but a world in which the individual everywhere is 
expected to bear an increasingly important part and therefore 
the individual must carry his proportionate burden or he will 
fail. It is a larger world than the world of yesterday; but 
larger chiefly in that it calls for larger men. 

If we are to maintain our per capita production and in- 
crease it, as we shall, then not only must we increasingly use 
every reservoir of power but the human element must also 
become increasingly efficient. 

Men who face the problems of life today must produce 
three, four, five times as much, in a given time, as men did 
or could produce twenty years ago. 

Every great executive does at least five times the work— 
measured in production—that his predecessors did thirty 
years ago, and does it more surely and more easily. Every 
executive who has held his place in a great corporation for 
twenty-five years is at least four times as efficient as he was 
at the beginning. 

Men must think faster, decide more quickly, decide more 
surely and, expressed in terms of production, turn out a 
correspondingly larger output. We are controlling and using 
in production forces that were not so long ago supposed to 
be controlled only by the gods. Their effective use calls for 
clear-headed, courageous, highly trained men, men who by 
pressing a button or shifting a lever can give even Jove’s 
thunderbolts a power never dreamed of in high Olympus. 

Our railroads, our manufacturing plants, our architecture, 
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out experiments in sociology, have not been created by study- 
ing the ruins of Egypt and Rome but by recognizing what the 
most wonderful thing in this world is; viz., man himself, by 
appreciating the struggle he has made through the sixteen 
million odd years that he has been on the earth. That struggle 
is the stupendous epic of all time, the most amazing and 
heroic and wonderful story within the limits of things done 
and dreamed on this little earth. 

Our civilization does not conceive that man has fallen 
from a perfect state—it conceives of man as a hero who, 
through millions of years, has struggled with disease, super- 
stition and institutionalism, and has climbed from a cave in 
the rocks over a bloody road up to a glorious palace. 

Our railroads, our industrial plants, our architecture, and 
our experiments in sociology, are amongst the new and better 
instrumentalities by which man is still lifting himself. 

Until the locomotive appeared there had been no practical 
change in land transportation since the beginning of time. 

Until first iron and then steel ships appeared, driven by 
steam, there had been practically no change in transporta- 
tion on the sea since the beginning of time. 

Until the automobile appeared there had been no change 
in transportation over the highways of the world since the 
beginning of time. 

The use of power other than human power lies at the very 
heart of our picture. It has lifted living conditions here to a 
higher plane than any other existing or earlier civilization 
ever knew. 

That, you may say, is boasting. I think not. That Com- 
mission that came over here the other day from Great Britain 
to find out why we could pay such wages and still be pros- 
perous, in their report does not make that statement sound 
like boasting. 

Let me emphasize the spiritual revolution that our archi- 
tecture symbolizes. The Pyramids are, architecturally, not 
much more than huge piles of stone. If the Pharaohs who 
built them, had possessed more slaves and a keener imagina- 
tion those piles could all have been made twice as big. 


202 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


These early builders were limited in the character of what 
they built by their material. They could have built larger 
piles but nothing fundamentally different. 

The same can be said of all the mighty ruins of great 
Rome. 

The cathedral builders were also limited by their mate- 
rials. They carried the buttress and the arch as far as they 
could. They built gloriously and beautifully. But they could 
not pass the limits where weight overcame strength. 

Then came the age of steel and with its use mass and 
weight at once decreased, while strength prodigiously 
increased. Building of every sort at once soared into realms 
of usefulness undreamed of by earlier builders. 

The Romans notwithstanding the limitations set by their 
materials, built the Coliseum, the prototype of the Yale 
Bowl; but such structures as the great Auditorium in Cleve- 
land or the New Madison Square Garden or any one of 
numberless great. modern bridges or any one of a hundred 
so-called sky-scrapers they could not build. 

In sociology too we have brought in a revolution as radical 
as the revolution in transportation, in industry, and in archi- 
tecture. 

Life insurance is a prodigious but scientific experiment in 
sociology, founded on the postulate that no values exist in 
anything or anywhere except and until they find expression 
in terms of human life. Sociologically it is achieving what 
power, steel and architecture are achieving in the material 
world. In it we now find the largest volume of credits ever 
used in any business, the heaviest obligations ever contracted 
by any cognate group or groups of men, the largest number 
of free men that ever codperated for mutual protection and 
benefit outside the realms of government and religion. 

The life companies of the United States alone have 
pledged a mutual protection which expressed in dollars gives 
a total in excess of all national debts of this country, Great 
Britain, Germany and France combined. 

Here is a sociological force which the ancient and the 
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relatively modern world never thought of, because it didn’t 
exist; it is as revolutionary as the use of steel in architecture. 

In this great sociological experiment, power, power that 
lies beyond the reach of individual effort is developed. The 
Separate wires that together hold up the Brooklyn Bridge 
and have through nearly fifty years supported a traffic that 
is amazing, could separately be easily snapped. Bound 
together they yield a prodigious amount of resisting power— 
static power. But fifty million individuals codperating 
through life insurance develop an equally amazing power 
that is dynamic. 

This power is as revolutionary in its effects as the mechan- 
ical power we extract from coal, or thundering waters, or from 
petroleum. Therefore, it is a fact that never before, at any 
time, or in any land, have men had such command over things 
physical and things spiritual. 

Life insurance in its business outworking, comes mightily 
into the material world, but in its genesis it is spiritual. 

In the business world it supports every sound railroad; it 
buys public utility securities; it has millions loaned on farms; 
it has other millions in municipal securities; it puts hundreds 
of millions into the buildings that make up the sky-line of 
New York, Chicago, Detroit and Los Angeles. 

It was not consciously organized to do all that. It was 
organized to protect the family and society. It is now the 
largest investor in the world. 

Here is unsuspected power, the dynamic power of human 
solidarity, and here is a new per capita product not only in 
vast accumulations of active capital but in human comfort 
and social stability, and social power. 

The dynamic power of life insurance is the steel in the 
social structure. It solves the problem of mass and strength. 
It takes the individual life, by itself as weak as a single wire 
in the Brooklyn Bridge, and creates a dynamic force which 
not only supports, but affirmatively advances all sound 
business enterprises. And, more amazing still, this social 
dynamo measurably overcomes the infinite disasters of dis- 
ability and premature death, and carries the personality to 
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points of usefulness that lie as far beyond the reach of the old 
social order as the Woolworth Tower carries architecture 
beyond the reach of the old stone buttress and arch. 

We are rich not because we have more than half the gold 
of the world available as the basis for currency, nor because 
of our natural resources. We are rich because we recognize 
the source of all values—human life—and conserve it both 
socially and economically; because we make machinery do 
our drudgery and a thousand other things that human power 
alone could not even undertake. 

Shakespeare makes one of his characters say— 


“You were wont to be a follower, but now 
you are a leader.” 


How emphatically we lead is evidenced by the fact, 
which I believe is susceptible of proof, that we not only lead 
the world in per capita production, but the power we use in 
production, other than human power, is equal to the use of 
such power by all Europe combined. 

Steel! Mechanical Power! Life Insurance! The first has 
revolutionized our physical world; the second has made us a 
race of giants by contrast with peoples who still depend on 
human power; the third is reforming our science of society. 

All this was in our day’s work. It was ours to do. In the 
evolution of nations, Canadians and Americans inherited 
this last and potentially greatest continent and with it the 
politically dissatisfied and the mentally and_ spiritually 
courageous of all the earth. 

Together we owe the world a civilization which shall lift 
our hero, man, to a still higher mental, moral, and social 
level, in his great fight with the problems of life and death. 

We have only made a beginning. We are not boasting. In 
spite of the envy and hatred that success engenders, if we 
use our brains, cultivate our imagination and our courage, 
grasp and use every source of power supplemental to human 
power, and especially if we resist the allurements of ease and 
do not become fat in body and fat in wits, we shall yet 
achieve a social and economic order which shall worthily 
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discharge the obligation that was placed upon us when we 
became the heirs of all the ages. 

Juper Gary: I have been waiting two or three minutes 
until we could bring ourselves down from the logic and the 
eloquence of the wonderful oration that has just been 
delivered, to hear what will be just as entertaining, just as 
pleasing and just as well if not better understood by everyone 
here, something that is practical, that affects every one of us 
men, women, and children, in our daily lives. You have not 
guessed whom I am going to introduce, probably, nor what 
will be talked about by the next speaker; but when I mention 
the name you will immediately recognize that I have pro- 
duced a gentleman whom every one of us, even the ladies, 
would delight to take in his or her arms, even on the street. 
(Laughter.) That is perhaps a high-sounding but a truthful, 
fair introduction of our beloved associate, Willis King. 
(Applause.) 


Mr. Wituis L. Kine: Mr. Chairman, gentlemen of the 
Institute: I have been pretty successful heretofore in dodging 
speech making, for I know my limitations; but my proximity 
to—shall I call him the Czar, or the Easy Boss of the steel 
business?—made it impossible tonight. IJ am glad, however, 
of the opportunity to add my appreciation and thanks to 
those already given by the Chairman, to those gentlemen who 
added today to the sum total of the knowledge of the steel 
industry. They have given of their time and talents for the 
benefit of the whole industry and are carrying out, in them- 
selves, the original purpose of this Institute, as shown by the 
by-laws, to diffuse useful knowledge of the art of steel making 
among the American manufacturers, to promote good busi- 
ness conditions, good business ethics and, on the whole, to 
improve all the conditions that surround this great business. 

I wonder sometimes whether we are all thankful enough 
that we live in this day and generation. I cannot but con- 
trast it with the times when I started as a young man in the 
iron business. At that time, Pittsburgh was admittedly the 
seat of the iron and steel industry. There were some forty 
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odd iron mills, no steel, however, except crucible steel, in 
Pittsburgh. There was no converse or concord between the 
manufacturers at that date. They believed in running their 
businesses solely for themselves, without regard to their 
neighbors. Money was scarce. The banks were not able to 
furnish the money to improve the mills. They sold, most of 
the time, at or below cost. The consequence was that of 
those forty odd mills in the Pittsburgh District not more than 
five or six survived. Most of them went into the sheriff’s 
hands; sometimes their successors as well, several times. So 
that in looking over this great, splendid audience tonight, 
made up largely of young men on whose shoulders the bur- 
den of running this industry will be placed before a great 
while, I have been wondering whether you appreciate the 
advantages you have in living in this great and prosperous 
country and under the Administration in Washington that 
we now have. 

Your Chairman spoke this morning very feelingly and 
truthfully of the position of President Coolidge in regard to 
business, not our business alone, but business in general. He 
believes that the prosperity of business means the prosperity 
of this country; by all his words and acts he has shown him- 
self a friend to legitimate business. That of itself is something 
we have much to be thankful for. 

I feel embarrassed tonight because I cannot express what 
I have in my mind and heart in words that I think would be 
probably what they should be; but I want to thank you for 
having listened to me thus far and to say that, as I will soon 
lay down the burden of business, I feel very sure that it will 
be carried on by intelligent, ambitious, capable men, and 
_ that the steel industry in this country is only at the beginning 
of its great destiny. 

I thank you very much. (Applause.) 


JupGe Gary: We shall now have the pleasure and privi- 
lege of listening to a young man who spoke to us about six 
months ago. I have known Hugh Morrow for several years. 
I may say I have known him quite intimately. I knew him 
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as a distinguished and successful lawyer, and I am delighted 
that he has retired from that very great profession and has 
gone to work. (Laughter.) He is president of the Sloss- 
Sheffield Steel and Iron Company in Alabama. I have seen 
him there a number of times amongst his own people. I have 
often seen him presiding before big audiences, not as large as 
this, because in the little city of Birmingham, having only 
a few hundred thousand people, they have not a hall big 
enough in which to assemble an audience like this. 

We are delighted that he is in the steel business. I am not 
going to say anything about his ability to speak. I leave that 
for you to judge after you have heard him. He is called 
suddenly without any previous notice or any opportunity to 
prepare, but he can speak. He can speak well enough to have 
lately secured a young, handsome woman for his wife, and 
now he is within one of being boss of his family. (Laughter.) 

I introduce with pleasure Mr. Hugh Morrow. (Applause.) 


Mr. Hueco Morrow: Mr. Toastmaster, members of 
the Institute, ladies and gentlemen: I am unable to offer any 
justification for the conduct of your genial and distinguished 
toastmaster in calling upon me on this occasion. I am sure 
that he does not know all the facts. I doubt very much 
whether I changed my business when I quit law and went 
into the steel business. (Laughter.) 

JupGe Gary: There is steel in both of them. 

Mr. Morrow: I think it is important even for the presi- 
dent of this Institute to know the facts. Two friends once 
were walking in a pasture and were suddenly confronted by 
a wild bull. One of them sought safety in a tree, the other 
sought safety in a nearby cave. The man in the cave waited 
a few moments, poked his head out, and the bull rushed at 
him, running him back in the cave. He waited a little while 
longer, the bull went away a few feet further, he poked his 
head out again, and the bull rushed him again. This was 
repeated several times when, finally, his friend in the tree 
said, ‘‘Why in the name of God don’t you stay in that cave 
long enough to let that bull get away far enough for us both 
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to escape?” He said, ‘“‘ You don’t know all the facts. There 
is a damn big bear in this cave.”’ (Laughter.) 

The Judge referred to my having made a talk before this 
distinguished body of men last October. He gave me ample 
notice on that occasion and I feel that I used up all of my 
ability at that time. When I think of my predicament now, I 
am reminded somewhat of the man who, while riding 75 miles 
an hour in his Rolls-Royce, came to a high bridge over a deep 
stream, he missed the bridge, his car went down the embank- 
ment, turned over and over and over and finally landed in the 
water. After some effort he extricated himself, got out on the 
side of the creek bank. There was a negro standing near by, 
who said, ‘Boss, is you hurt any?” He said “‘Not a bit.” 
The negro replied, ‘‘ Well, let me tell you, you want to be 
mighty careful the rest of your life, cause you shore have 
used up all of your luck.” (Laughter.) 

Judge, I used up all of my luck last October. 

When I had the question put to me this afternoon as to 
whether I would go to the fight (laughter) or to the banquet, 
it was but a part of my nature to want to come to the ban- 
quet. But, after I got here and Mr. Farrell came down to me 
and said that I must leave that rowdy crowd at Table 23 
(laughter) and come to the Speakers’ Table, I felt very much 
like the man who was summoned to the bedside of his sick 
wife. The doctor told him that she could not live very long, 
that she had a final message she wanted to deliver to him. 
He knelt at the side of her bed. She said, ‘‘ Darling, I am soon 
to pass away. I want to make one dying request of you. After 
I am dead, and when I am being carried to my last resting 
place, I want you to ride in the front carriage by the side of 
my mother, your mother-in-law.’’ (Laughter.) He said, 
‘Well, darling, I am going to grant your request; but to tell 
you the truth, you have spoiled the day for me.’ (Laughter.) 

Judge, I want to say that perhaps I made a mistake in not 
going to the fight. (Laughter.) 

I realize as never before that there is a difference between 


having something to say and having to say something. 
(Laughter.) 
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There is an old adage to the effect that it is sometimes 
better to think what you are saying than to say what you are 
thinking. This was illustrated by the experience of a young 
lawyer, when a very beautiful widow came to him for an 
opinion on the will of her dead husband. It is told in rhyme. 
The Judge has heard me tell it before. It goes something 
like this: 

“There was a little lawyer man 
Who gently smiled as he began 
Her dear dead husband’s will to scan, 
And thinking of his coming fee 


He said to her quite tenderly, 
“You have a fine fat legacy.’ ”’ 


“The next day when he woke in bed, 
With plasters ’round his broken head . 
He wondered what the hell he’d said.”’ 


(Laughter.) 
The Judge always delights in stating that I have gone out 
of the law into the steel business. I left the law because I 
found out that it was not an exact science. (Laughter.) 
That is illustrated by the experience of an old negro woman in 
Montgomery, Alabama, who had brought suit against her 
husband for a divorce; she also claimed the custody of the 
children. Her case was argued before the Chancellor. Her 
lawyer told her to sit out on the steps of the courthouse and 
he would let her know the result of the court’s decision. When 
her attorney came out he said, ‘‘ Auntie, I am very sorry to 
tell you that the judge has decided your case against you, and 
has also given the custody of the children to your husband.”’ 
Whereupon, she soliloquized something like this: 
“ Dey ain’t no jestice in ’dis world, 

No matter how you plan; 

De Court dat ’cided my ’voce case 

Give de chillen to my old man. 

I never ‘lowed no sich thing 

Since God Almighty risen. 


Suppose dey knowed what I knows, 
Not one of dem was his’n.” 


(Laughter.) 
But, seriously speaking, Judge (laughter), I find pleasure 
14 
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in standing even for a brief moment before the greatest body 
of business men in the world. I find much pleasure in stand- 
ing under the shadow of that flag. And as I behold it in all 
its glory, I find myself thinking of a young boy who left this 
morning with a sandwich in his pocket on his perilous journey 
to Paris: may God deliver him there safely. (Applause.) 

When I heard the splendid talk of the president of one of 
the greatest life insurance companies in the world, I could 
not help but rejoice over the material progress that he 
referred to in all lines of endeavor, but in listening to him 
under the shadow of that flag and catching the gleam of its 
spirit, I also thought of what a glorious country, Judge, we 
are living in—a country where every round in the ladder of 
fame, from the one that touches the ground to the one that 
reaches the highest altitude of human ambition, belongs to the 
foot that gets on it first, whether that foot be of gentile or 
Jew, Protestant or Catholic, rich or poor, old or young, pretty 
or ugly; that is the country that we are living in and the 
country of which I am proud. (Applause.) 

I invite your attention to the scene that surrounds you 
here. The great men once were the warriors, the statesmen, 
the poets, the artists, the sculptors; but the great men of 
today are the business men of the day. J udge, perhaps that 
is the reason I followed your example in quitting the law. 
(Laughter.) 

When one man’s watch goes wrong only an individual may 
be misled, but when the town clock goes wrong, the whole 
community may be misled. Let me tell you that in my 
judgment this Institute will never go wrong so long as we 
have our distinguished President at its head, shaping its con- 
duct and fashioning its policy. (Applause.) Perhaps the only 
hope that I could very well indulge in now, Judge, is that 
hereafter you will keep your heels off your desk. (Applause.) 

I have an abiding faith in the ultimate outcome of things. 
Every tradition of the glorious past of this country, every 
survey of its splendid present, every promise of its inspiring 
future, strengthens me in that faith. 

Two Swedes who had not seen each other for a quarter of 
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a century, met on a train, one of them said ‘‘Hullo, Ole, how 
you bane?”’ 
“Pretty good. I bane got married.” 


“Dat’s good.” 

“Not so good. Wife, she got nine children? 
““Dat’s bad.” 

‘“‘Not so bad. She has plenty of money, too.”’ 
‘““Dat’s good.” 

“Not so good. She won’t spend any.”’ 
‘“‘Dat’s bad.” 

“Not so bad. She has fine home. I pay no rent.”’ 
““Dat’s good.” 

“Not so good. Home, she burn down.” 
“‘Dat’s bad.” 

““Not so bad. Wife, she burn, too.”’ 

““Dat’s good.” 


““Yes, dat’s good.”” (Laughter.) 

But for fear lest that little pleasantry might find its way 
down to Birmingham, let me say in conclusion that Heaven 
is no mythical place, it is found deep down in the bottom of 
the heart of the man who has found the woman he loves and 
the work he loves. I thank you. (Applause.) 


JupGe Gary: We have only one more address, after 
which we will close the exercises for this evening. 

J have the honor to introduce a gentleman you have heard 
speak here before, whom you know well, whom you respect 
and love, and who is always entertaining, Mr. Grace, Presi- 
dent of the Bethlehem Steel Company. (Applause.) 


Mr. Eveene G. Grace: Judge Gary, Mr. Kingsley, 
ladies, and associates in the iron and steel industry: 

You will be able to find out in a very few minutes whether 
Maloney or Sharkey won the fight, that our friend Morrow 
spoke about; I promise you that. 

We heard a find talk this morning from our Chairman. 
We were all deeply impressed by it. It was a sound, good,talk 
on fairness. He practices it better in his business than in 
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affairs of this kind. He told Mr. Morrow and myself, when we 
came here tonight, that he was going to call on us to make a 
few remarks. I ask you if you think that is fair. I do not. 

I do not know what I might say that would be interesting 
to you men. There is one thing very much in my mind. I 
gave just a little inkling of it a year ago when Judge Gary 
kindly called on me for my first speech here. I think we have 
all been thinking about it more or less during the year, and it 
might be interesting for only a few minutes to survey a few 
conditions in the industry, in our industry, the industry that 
we are all working so hard for and love so deeply. 

I think we can claim for ourselves without a bit of ego- 
tism that we are wonderful manufacturers. There is no set 
of industrial plants or activity in any industry as highly 
developed, as well run or better run to the end of efficient 
operation and low cost of production than those of the steel 
industry today. 

There is no set of laboring men, there is no group of 
employees that are better compensated, or as well compen- 
sated, as the employees in the steel industry. I think we all 
must admit to ourselves, Judge Gary, that as managers we 
are all most liberally compensated. I believe also that it 
would be generally admitted that the public and the customers 
of the steel industry are well treated by the steel industry. 

Gentlemen, that brings us, as I view it, to the final group 
of interests to which we must give consideration. 

I gave a little talk in Cleveland a few weeks ago before 
the Chamber of Commerce in which I tried to develop some 
of the economic conditions of the steel industry. I did not 
attempt to prescribe any cures for them; I am not capable of 
that; but I do think that we are capable of analyzing and 
visualizing the conditions that confront us. If I recall some 
of those statistics they might be interesting, having a bearing 
on what I have just said. Since the beginning of the war, 
over a period of thirteen years, men, the wages and the 
annual compensation to the employees in the steel industry 
have increased 108 per cent. The hourly compensation has 
increased over 200 per cent. You men will recognize this was 
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brought about notwithstanding the elimination of the twelve- 
hour day, and the seven-day week. Coincident with that, 
the United States Department of Labor statistics show us 
that the cost of living has increased over that same period 
something like 75 per cent. The price of commodities gener- 
ally over that period has increased 51 per cent. Prices of steel 
products over that period have increased but 35 per cent. 
The large tonnage commodities of the industry as represented 
by plates, shapes and bars, have increased but 28 per cent. 

Now, gentlemen, what picture does that leave with us? 
We have satisfied every condition that I have mentioned up 
to the present; but we have failed to satisfy the people who 
have appointed us their trustees in the conduct of this busi- 
ness, in so far as making a fair, adequate return on their 
money—or (indicating Mr. Kingsley) this man’s money; it is 
not his own money, it is other people’s money that we are 
using in our business. We are using today in the steel indus- 
try something like six billions of dollars, Mr. Kingsley. Mr. 
Kingsley is daily investing for his company alone, may I give 
that figure? 

Mr. Kinestery: Yes. 

Mr. Grace: Mr. Kingsley is daily investing for his 
company alone $500,000. He finds that it is in his power and 
he has to invest $500,000 daily. That will be $150,000,000 a 
year. We have made an average daily expenditure upon 
improvements in plant extensions in the steel industry, over 
the last thirteen years, of about the same sum Mr. Kingsley 
is now investing daily. In other words, we have invested 
in the last thirteen years, since the war period, gentlemen, 
something like $1,650,000,000 for new plants, for extension 
of properties, and for rehabilitating old, worn-out properties. 

Where do we stand today? We are making the same profit 
per ton within a very few cents this year that we made thir- 
teen years ago. I ask you men if there is not just one end of 
our business that we are not quite doing right by. I said a 
year ago that we were not good merchants. I stand here again 
tonight and say that I cannot see that there has been much 
improvement in our merchandising ability. 
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Industry is founded on brain, brawn and thrift: any one 
of them lacking, we are heading for trouble. F rank, friendly, 
open conversation on conditions is desirable. It is legal. We 
can have it. And, gentlemen, as we know each other, as we 
trust each other, as we are led by our president of the Ameri- 
can Iron and Steel Institute, if we can reach, amongst our- 
selves, sound and good understandings—and that is all we 
need to reach—we will make our industry a very successful 
industry. 

Mr. Kingsley tells me that he cannot afford to invest his 
funds in municipal securities which are netting say 4 per 
cent-, 5 per cent.—5 is high, I grant you, but, like my boss, I 
just use round figures to emphasize my point; if he cannot 
afford to invest his funds in that kind of securities, which will 
give him 4 and 5 per cent. yield, how can we expect to attract 
capital of that character in the future in the steel industry 
when, during the year 1925—I have not the 1926 statistics— 
we made 51% per cent. on the money employed in our 
industry? 

I leave that thought with you. I am not going to attempt 
to elaborate it further, except to give one concrete example 
which I am sure will not be misunderstood but would be a 
practical example. I used it in Cleveland when, comparing 
the steel industry and its earning power, on its money in the 
business, with other industries. Bear in mind if we cannot 
exist on an investment return on the money in our business 
we had better liquidate it and let Mr. Kingsley invest it for 
us, if that is all we are going to do in the industry there is not 
an economist in the country who will not say that the indus- 
try, this highly basic industry, is entitled to 10 and must 
have 10 per cent. on its money in its business, if it is over a 
long period to be prosperous. That is our picture. We are 
making an investment return, and that is all. 

Look at the outstanding, well managed, strong in every 
sense of the word, our leader, United States Steel Corpora- 
tion: it has in its business, as shown by its 1926 annual 
report, $2,185,000,000 employed: on that investment it made 
6.54 per cent. in the year 1926, or $6.54 for every $100 
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employed. The leader in a rather new industry, whose source 
of raw material is our industry, the General Motors Corpora- 
tion, let us see what they did: in the same year they employed 
$637,000,000 in their business, less than one third of that 
employed by the United States Steel Corporation. They 
made $186,000,000. They made for each $100 in their busi- 
ness $29.20. Gentlemen, we are feeding that industry. 

I thank you. (Applause.) 

JupGE Gary: With due appreciation for your presence, I 
bid you goodnight. 


AMERICAN IRON AND STEEL 
INSTITUTE 


THIRTY-SECOND GENERAL MEETING 
New York, OcTosBer 28, 1927 


The Thirty-second General Meeting of the American Iron 
and Steel Institute was held at the Hotel Commodore, New 
York City, on Friday, October 28, 1927. 

Following the usual custom, three sessions were held. 
In order to provide sufficient accommodations for the large 
number present, the morning session was held in the Grand 
Ballroom. The afternoon session was held in the East 
Ballroom. The evening session, which included the semi- 
annual dinner, was held in the Grand Ballroom. The 
sessions were devoted to the reading and discussion of papers 
dealing chiefly with problems of metallurgy and business. 

On the following page will be found the program of the 
meeting. Mr. Charles M. Schwab, President of the Institute, 
presided at the morning session. At the request of the 
President, Mr. John A. Topping, Vice-President of the 
Institute, presided at the opening of the afternoon session. 
At the close of Mr. Bennett’s discussion, Mr. Topping called 
upon Mr. E. A. S. Clarke, Secretary of the Institute, to take 
the chair. Mr. Charles M. Schwab acted as toastmaster at 
the banquet in the evening. 
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MORNING SESSION 


THE Secretary: I want to say that our new president 
asks that all of the directors please come up and take seats 
here on the platform. 

Mr. Farrell has a few words to say in introducing the new 
president. 

Mr. Farrevtu: Gentlemen and members of the American 
Tron and Steel Institute: I am about to indulge in the for- 
mality of introducing to you a man who needs no introduction, 
especially to this body of men. I had the honor yesterday of 
nominating for president of the American Iron and Steel 
Institute our esteemed friend and collaborator, Mr. Charles 
M. Schwab. 

The American Iron and Steel Institute has been in exist- 
ence for nineteen years. We are all familiar with the objects 
for which the American Iron and Steel Institute was formed, 
primarily to bring about a spirit of camaraderie in an indus- 
try which was not only potential, but perhaps the foremost 
in the United States. There have been several critical 
periods during the existence of this industry. For nineteen 
years—and I say this with great reverence, because I was an 
associate, perhaps more closely associated than many of us,— 
we had as the president of this Institute a man who was not 
only sincere in his endeavors to develop in every way the 
iron and steel business, but one who formulated its policies 
and who did his best to codperate in every way. 

Speaking for myself alone, I think we are about to enter 
an era of more intensive codperation, and with a resultant 
stabilization, and without impinging or contravening any 
law there ought to be an atmospheric disposition on the part 
of our people to be fair with one another. There is more in the 
iron and steel business than the manufacture of iron and sell- 
ing it. We have got to dispose of some of the methods that 
we have been employing in doing business, and make a better 
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and broader disposition.) I, for one, believe that our business 
can be done on a reasonable basis. 

Now we have—and I say this with a sincere sentiment of 
appreciation—brought into this Institute as president a man 
who can depend upon the undivided and entire support of the 
whole industry. Certainly, speaking for the branch of the 
industry that I am associated with, for Mr. Filbert and all of 
our other men who are here today, I pledge to the new presi- 
dent of the American Iron and Steel Institute the complete 
and undivided and honest support of the United States 
Steel Corporation. 

I did not intend to make a speech but I want it clearly 
understood that we are going to derive in my opinion a benefit 
from this new order of things. 

I now have the pleasure of introducing to you the most 
outstanding figure in the industry, a man who needs no 
introduction, a man who is loved by all and a man whom we 
know will carry out the policies which have always permeated 
this great organization, Mr. Charles M. Schwab. 


ADDRESS OF THE PRESIDENT 


CHarRLes M. ScHWAB 
Chairman, Bethlehem Steel Corporation, New York 


Mr. Scuwas: Directors and gentlemen of the Iron and 
Steel Institute: 

We had a meeting of the directors yesterday afternoon at 
which Mr. Farrell in his nomination of my humble self for 
this important office made the finest speech with reference to 
business and sentiment that I have ever listened to. And 
although we may have made great progress in the develop- 
ment of our industry, to my mind the greatest progress and 
step forward that we have made has been the announcement 
of Mr. Farrell—who controls such a large percentage of the 
business of the country in iron and steel—as to his loyal 
support, as to his codperation, as to his friendly feeling and 
concern for the necessities of the trade. 

Mr. Farrell and I have been friends for forty years. I 
knew him when he was not the important figure that he is 
today. I have known of him, during all this period of his 
active life and he has done nothing that has not been of the 
highest character and most commendable, both as a business 
man and asa friend. And the happiest moment I have is to 
accept this office sponsored and supported by Mr. Farrell, 
who has consented to become a vice-president and will be an 
active codperator, as he has always been, in the new adminis- 
tration of the Iron and Steel Institute. 

Now, my friends, the president this year has one advan- 
tage: he has not had to prepare a formal speech. Not knowing 
that he was going to be president until yesterday afternoon, 
it was not possible for him to do so. So I shall just have to 
inflict my few remarks on you this morning in an informal 
way. But there are a few things that I am going to insist 
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upon. I want the members of the Iron and Steel Institute to 
see and know what good-looking fellows they have for their 
directors. I want them to also know that any sentiment 
expressed by the Chair for the Iron and Steel Institute is not 
the sentiment of an individual but the sentiment of this 
distinguished body of men. We are going to start with com- 
plete codperation in every way, from the head down. And so 
what I have to say with reference to business conditions will 
be, as nearly as I can express it, the combined ideas or the 
individual ideas assembled of the Board of Directors of the 
Iron and Steel Institute. 

I gave the newspapers this morning a short statement of 
what we had to say with reference to the business forecast. 
I said to them: ‘‘Be sure to so express it.”’ Because, as one 
newspaper man said to me, “‘Anything that you express 
individually is already known. It could not be anything but 
optimistic and would not be news. But, if you will get up 
there and make a pessimistic speech, we will really give youa 
headline of news.’’ 

Now, my friends, I could not do that. Ihave been an opti- 
mist, and I am afraid I cannot change. I donot think that I 
have been wrong in my optimism over this past forty-five 
years. In 1886, when this country made 2,600,000 tons of 
steel, I believed it was going to grow; it doubled the next 
ten years and doubled each succeeding ten years, until today 
for the fifth time it has doubled, and we are making over 
forty million tons of steel. In my wildest optimism I never 
was more optimistic than now. Developments justified my 
optimism of the past and I need not therefore apologize for it, 
nor do I need to make any apology for my optimism for the 
iron and steel business in the future. Whatever depressions 
may come at times and whatever lack of business, I still feel 
that the forward and onward trend in the development of 
our business is assured. 

Now, my friends, I do not know just what I am going to 
say to you today. Mr. Grace when I came in this morning 
said, ‘‘Well, the presidency of the Iron and Steel Institute 
has at least had one effect upon you.” And I said, ‘‘ What is 
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that, Grace?” He said, ‘‘ Well, for the first time in my life I 
see you wearing a good suit of clothes.’ ‘‘Well,” I said, 
‘“Grace, I am entitled to do that, I am away up in the air this 
morning. I am feeling the happiest this morning I have ever 
felt both from a business and a sentimental point of view.” 

I want first to thank the directors for their selection of me 
for this office, the highest one that can come to any man in 
our industry or indeed in any industry. The directors well 
know that I urged my old and good friend, Willis King, to be 
‘ president of this Institute because of his long fifty-nine years 
of service in the iron and steel business. Willis and I have 
been associated since boyhood, and he is qualified, and every- 
body would have loved to have had him. But Willis declined 
because he felt that his hearing and age would not permit him 
to be as active in the office of president as he would like to be. 

I asked Mr. Farrell if he would take the office, stating that 
I was ready to vote for him, and Mr. Farrell with his usual 
generous action insisted upon nominating me. 

And now that you have me, what are you going to do with 
me? Asking the question brings to my mind an old friend 
in Pittsburgh, Patrick Dillon, connected with the Carnegie 
Steel Company in the old days. He was an iron and steel 
man but did not know much about art. Mr. Carnegie sent 
him one Christmas from Florence a marble statue of Venus. 
Dillon wrote me a note and said, ‘‘ Dear Charley, the old man 
has sent me a stone woman for a Christmas present and I 
don’t know what the hell to do with it.”’ 

Now boys, you have got me for a Christmas present. Just 
what you are going to do with me I do not know. But I 
promise you that the loyalty and love and affection that I have 
for everybody in the industry and those with whom I have 
been associated for forty-five years has not been dimmed by 
age or by time. While it is not as active a life as years ago, 
the depth of affection in my heart for all those with whom I 
have been so long associated has but increased with years. 

Now my friends, I come to another part of my duty this 
morning, and that is to say something of our past president, 
the great and distinguished Judge Gary. I have not known 
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Judge Gary as long as Mr. Farrell and Mr. King and others 
in our Institute, but I did know him intimately and had busi- 
‘ ness and social relations with him for thirty years. Words of 
eulogy from me about him would be but a repetition of what 
has been said by everybody in the iron and steel trade. But 
there is one thing we must never forget, and that is that Judge 
Gary was the father and founder of the American Iron and 
Steel Institute. And if he never did anything else in his life, 
that should be a monument to what he has accomplished for 
American industry and in the way of business ethics. And as 
long as I live I shall remember that one great act of Judge 
Gary for the benefit of the iron and steel industry. It is true 
that differences of opinion will sometime arise, they have 
with me and others, but when death comes to a great and 
distinguished associate every thought of differences as far as 
T am concerned, sinks as deep out of sight as the depths of the 
Atlantic Ocean. And therefore no man’s voice will be heard 
oftener or with more insistence and sincerity than my own in 
the approval and admiration of our distinguished past presi- 
dent, Judge Gary. May his memory live as long as the iron 
and steel industry lasts. And the iron and steel industry will 
last for a long time. 

And in this connection, the directors yesterday felt that 
I should have the approval of the body of the Iron and Steel 
Institute to a suggestion that was made by Mr. King and 
seconded by others, that a suitable tablet be prepared as 
coming from the whole body of members of the Iron and Steel 
Institute, to be installed at a place to be determined in the 
future, as an expression of our admiration and appreciation 
of the work of Judge Gary for the iron and steel industry. 
Now if we may have someone move the approval of that sug- 
gestion, I will put it to the vote of the assemblage. 

(The motion was made by Mr. A. F. Huston, duly sec- 
onded and unanimously carried by a rising vote.) 

And boys—I cannot help but call you boys—Mr. King, 
Mr. Mather and all—boys, let the spirit of the J udge’s en- 
thusiasm, let the spirit of his earnest desire, live in the years 
to come; let it be the landmark by which we shall guide this 
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Institution in the future. I have no words with which I can 
more deeply express what I have in my mind, and I want you 
to take it as the sincere and honest expression of one who 
represents not only himself personally but, I am sure, every- 
one connected with the Institute. 

Now, my friends, it is usually thought wise to say some- 
thing here about business conditions. We have been through 
a pretty bad time. We have not been running full. During 
this past week, however, orders have shown an improvement. 


- And we, the members of the Institute, feel that the antici- 


pations of better business in the future are being gradually 
realized. Speaking for the directors of the Institute, and not 
alone for myself, we are all optimistic of the future develop- 
ments of our business. . 

There is one thing that we must get into our minds. We 
have spent vast sums in the development of our plants and 
the economies of operation. I attended a meeting of the 
Bethlehem Company yesterday, and Mr. Grace showed that 
our company has spent $167,000,000 in four years in the 
development of our plants. We have made less money than 
we ever made before, notwithstanding the vast savings made. 
We have given away in other directions all the savings that 
we made in this vast expenditure of capital. 

Now the next great move of the steel industry must be the 
proper and economic distribution and selling of its product. 
I do not mean to say that we have anything in mind that is 
not in strict conformity with the regulations and laws of the 
country ; that always must be fundamental in this Institution. 
But I do say that destructive competition in an industry as 
large as ours, for the sole purpose of gaining a position in 
the industry, is ill-advised and costly to the people who have 
their money in the industry. Think of the fact that eight or 


- nine billions of dollars are invested in the steel industry, and 


on the average we are not earning as much on our investment 

as we would if we had put our money in gilt edged bonds. 

That is a wrong condition. What we want in this industry is 

the sincere and hearty codperation of everybody in it. As 

Judge Gary has so often expressed it: live and let live. These 
15 
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works are here and we have our customers, our trade and our 
position, and therefore we must try and respect our relative 
positions and see if we cannot do something towards the 
betterment of the business situation. That is the real purpose 
of the codperative spirit and it is necessary for the betterment 
of the business and the industry as a whole. 

Now, gentlemen, I have never seen in any branch of life 
anything worth while accomplished that was not accom- 
plished by coéperation. No individual, whether it be man or 
woman, can ascend to any great heights of business or other 
affairs who is not in codperation with others. Mr. Farrell 
with his great industry, (or Mr. Campbell or Mr. King) as 
individuals could do little, but with the association of loyal 
people about them they have been able to do much. And 
what is true of an individual business is true of a great indus- 
try. Therefore, let us regard ourselves as partners and direc- 
tors of a great industry and do what we can for the upbuilding 
of this business in a proper, methodical and happy way. 

I speak with authority, after forty-five years in business, 
when I say that the real joy of business and the real happiness 
in business is the association with those with whom we do 
that business. The real joy of this office comes from your 
approval and from such happy association. It matters not 
how rich you grow, there is nothing that will bring the thrill 
of joy like the approval and appreciation of those with whom 
one is associated in business. Let, then, the keynote of this 
association be hearty codperation and good fellowship, happi- 
ness in business, success and prosperity to us all. 

Now, my friends, in conclusion let me say to you again, 
I thank you sincerely for the recognition that you have give 
me in elevating me to this high office. I thank the directors 
especially for their expressions of appreciation and confidence, 
approval and help in every direction. I especially thank Mr. 
Farrell for the finest nomination I have ever heard. I thank 
all the members of the Institute. And be assured that the old 
man, the farmer from the Allegheny Mountains, the ex-steel 
maker, will devote the best that is in him to the carrying out 


ai i ce 


~~ eee 


=ray oe 


_ = Tie © 


IMPROMPTU REMARKS—KING 227 


of the broad principles of this Institute with all the energy 
that a man of my old age is capable. 


There are a few other things we are going to insist upon in 
this Institute. One of them is promptness. You are all good 
business men. If someone comes to your office half an hour 
late you are pretty hot. When we have our meetings at ten 
o’clock in the morning or at two in the afternoon, and 
especially our banquets in the evenings, be prompt: I make 


» a Special request to the people to be promptly seated in their 


places at half past seven tonight so that we can get home at a 
reasonable hour, those of us who live in New York, and those 
of us who do not live in New York—well, they ought to get 
home if they do not. (Laughter.) 

We have several interesting papers to be presented, but 
before that I want to have a couple of our distinguished men 
say just a few words. I would like you to hear from one or 
two. Ordinarily I would have given them more notice, but I 
cannot now. 

Here is the most venerable, the finest old man in the steel 
industry. Give hima hand. (Applause.) 

Mr. Wiis L. Kina: I do not know why Mr. Schwab 
should call on anybody else when he is on the platform, 
because he can say things so much better and so much more 
impressively than I. 

I presume he would like me to say something about gen- 
eral business conditions and, in a general way, as Mr. Schwab 
has told you, we had an informal talk yesterday and the con- 
census of opinion was that there was nothing at all to be 
alarmed about; that business was quite good, considering 
that we have such a very large production that we rather 
feel sometimes we ought to be making and shipping more 
than the country can consume. 

I hope you will go away from this meeting with the idea 
that Mr. Schwab has tried to impress upon you, the spirit of 
coéperation. Nothing can be more powerful, more beneficial; 
and I hope you will go home with the assurance that the 
officers and the directors of this Institute are going to do 
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everything that they properly can to make the progress of 
the steel business such as we would want and such as we 
‘deserve, based on the capital invested. 

I thank you very much. (Applause.) 

Mr. Scuwas: Just one more. Mr. Campbell. Come here, 
Jim. (Applause.) 

Mr. James A. CAMPBELL: Mr. President, and members of 
the Institute. I consider this a great honor; but I hesitate 
very much to talk to you, especially when I have had no 
thought of being called upon to speak and have nothing 
prepared. 

I want to refer, however, to our meeting of yesterday. We 
had a meeting of the directors, as you have been told, to 
elect a successor to Judge Gary. Mr. Farrell made the nomi- 
nation of Mr. Schwab. Ordinarily I would say Charley 
Schwab, but now that he is president I will call him Mr. 
Schwab. (Laughter.) 

Mr. Farrell not only nominated Mr. Schwab but he said 
many things that were very hopeful, to me, for the industry. 
In fact I went home, or went to my hotel, last night feeling 
more hopeful about the future of the American Iron and 
Steel Institute, and what it would be able to do in the future 
for the iron and steel industry, than from any meeting that 
I have ever attended. 

Mr. Farrell showed himself to be a big, broad gauged, 
generous gentleman. We have all known that he was a hard 
worker, that he had ability and all those things, but he showed 
to me many other qualities that we do not always think 
about. I went to bed shortly after nine o’clock, while you 
people were at the theaters and night clubs, because I am 
getting along in years and need the rest; I had a pretty busy 
day; I went to sleep within five minutes, a thing that I have 
not done in three months (laughter). Many nights I have 
lain awake until two or three o’clock in the morning. It wus 
all on account of the hopeful feeling that I had about this 
meeting that occurred yesterday. I never saw such good feel- 
ing and good spirit. I believe it means everything to this 
industry and to its future. Certainly, as Mr. Schwab said, 
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we are going to have better codperation; we are going to get 
closer together; we are going to do the reasonable thing both 
by the public and by ourselves. 

I feel that Mr. Farrell not only appreciates the importance 
of his new position and the responsibility, but he feels the 
importance of what he owes to this great industry. That 
means a lot, to me at least, and I am very happy to make this 
statement to you this morning, even though I did not expect 

to be called upon to speak. 
; I hope you will appreciate what this means; that you will 
be helpful, as I expect to help, in backing up both Mr. Schwab 
and Mr. Farrell, because they are going to be the leaders and 
they, in my opinion, are going to do wonders for this industry. 
I hope and believe that we are going to be much happier in 
our work hereafter than we have been in the immediate past. 

I thank you. (Applause.) 

Mr. Scuwas: Time presses, and we must go to these 
papers. I will not ask at this meeting any more of our dis- 
tinguished directors to say anything; but we have one friend 
here who, while not actively engaged in the steel industry, has 
been the iron and steel industry’s best friend, a most distin- 
guished man. I am just going to ask him to stand up and let 
the people see Mr. Mather. (Applause.) 


Mr. Scuwas: Now, my friends, we come to the first 
paper, which is rather an unusual one for the iron and steel 
industry assembled, but one which I think you will greatly 
enjoy. It is not only immediately connected with our indus- 
try, but something new and novel and educational. 

This paper is entitled “Knowles Glow Tubes and Similar 
Recent Developments,” by Mr. 8. M. Kintner, Manager, 
Research Department, Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pennsylvania. 


THE KNOWLES GLOW TUBE AND SIMILAR 
RECENT DEVELOPMENTS 


S. M. KInTNER 
Manager, Research Department, Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa. 


Every new art, as it is developed, brings to light a num- 
ber of new phenomena. Also the appliances produced for 
practicing the new art are often found to have very desirable 
applications in other arts already operating with acceptable 
success. This class of phenomena and the other uses of the 
appliances of an art are commonly spoken of as its “‘by- 
products.’’ It is my purpose today to direct your attention 
to some radio ‘‘ by-products.” 

In the practice of the radio art no other appliance, or 
device, plays so important a part as the vacuum tube. With- 
out the vacuum tube we would have none of our modern 
radio broadcasting; little or no radio telephoning; and no 
transcontinental or transoceanic telephoning by wire or radio. 
The importance of the vacuum tube has been generally 
recognized and has caused a great amount of time to be 
devoted to studies of it. 

The result of this study is evidenced by a large variety of 
vacuum devices, each having some outstanding feature of 
its own. 

Rapvio TuBE 


The radio tube, so-called because of its great use in that 
art, has three principal functions: (1) that of a converter of 
alternating current to direct current; (2) the inverse opera- 
tion of converting direct current to alternating current, and 
(3) that of an amplifier of voltage or power. 

As a converter of alternating currents to direct currents, 
that is, as a rectifier, the alternating currents may be of any 
frequency. And in the conversion from direct current to 
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alternating current the latter may have any desired frequency. 

As an amplifier the tube and its accessories make feeble 
currents strong. A striking part of this strengthening action 
is the remarkable fidelity that is maintained in the strength- 
ened electric current even though it is increased many 
thousands or even millions of times. 

We often think of the microscope as the ultimate means 
of magnification, but with the microscope we are limited to a 
few thousand diameters as the practical range of its usefulness 
as an amplifier of light images. The vacuum tube amplifier 
goes up into the millions of times before it reaches its limit. 
However, to avoid any misunderstanding, it should be 
stated that the amplification of millions of times is obtained 
by using several tubes arranged in sequence so as to secure 
several stages of amplification. This cascading is not possible 
with the microscope because of limitations of light, but is 
possible in the case of the tubes because additional energy is 
supplied at each stage in the building-up operation. In the 
average arrangement, the amplification of voltage per stage is 
of the order of 10 to 20 times. 

What I have described thus far relates principally to the 
more nearly standard radio tube. A few of the by-product 
types, that we will attempt to demonstrate for you, will be 
explained briefly during the demonstration. 

Before starting the demonstrations I desire to acknowledge 
my indebtedness to Dr. Phillips Thomas, who is assisting me 
today and who has also taken a large part of the burden of 
preparing the apparatus for the demonstrations. 


Tue Rapio PowEr GENERATOR 


In this demonstration, oscillations will be produced by 
means of a vacuum tube, and accessories, of a proper fre- 
quency to cause standing waves in a pair of electric con- 
ductors placed near to the generating circuit. 

With the oscillation generator operating, the existence of 
the standing waves is readily made manifest by finding nodal 
points of maximum voltage difference. 
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By using a tube containing neon gas of a critical pressure, 
these nodal points are indicated by the glowing tube. In 
place of a tube a small incandescent lamp can also be used. 
It will be seen that these points are about a meter apart, as 
this represents a half wave length, the frequency is readily 
determined to be about 150,000,000 cycles per second. That 
seems like a tremendously rapid change in direction of the 
current back and forth every second when compared with 
the ordinary house lighting current frequency of 60 per 
second. 

But when compared to the frequency of light waves it is 
very slow, for yellow light has a frequency approximately four 
million times as great. There does not seem to be much hope 
then, of getting frequencies directly by this means for light 
production. 

The tube acts as a generator of oscillations, because its 
power circuit and its control circuit are so related as to effect 
an energy transfer from one to the other at certain times. 
This condition is controlled by the values of the constants 
of the two circuits. 

These same factors also determine the frequency of the 
oscillations. 

It is interesting to note that there is a certain amount of 
space radiation taking place, as can be seen by exploring 
with a simple straight wire with a miniature lamp inserted in 
the middle to indicate, by its filament lighting, when current 
is passing. 

High frequency currents, of a considerable lower order of 
frequency, however, are being used successfully for tele- 
phoning over high tension power lines while the lines are 
operating normally in transmitting power at very high 
voltages. 

They are also used on the trunk lines of the telephone 
company’s service to increase the carrying capacity of exist- 
ing lines for long distance communications. Thus one pair 
of wires may carry half a dozen different conversations simul- 
taneously without the slightest trace of confusion. 
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INDUCTION FURNACE 


If an object is placed in a magnetic field produced by a 
coil carrying high frequency currents, currents are set up in 
it. If they are sufficiently intense the object will be heated. 
If then this metal disc is placed in such a field it will be 
observed that a rapid change in temperature takes place. 

In this instance the disc has been mounted in a vacuum to 
make it easier to heat in the time available. | 

This is a miniature high frequency induction furnace. 


' Larger ones are in regular service in which several hundred 


pounds of’steel are being melted in each heat. 

It provides an ideal means of studying the properties of 
special alloys, as they can be melted without contamination 
by contact with anything that affects them. Such furnaces 
may be exhausted to a fairly good vacuum. I have here a 
sample of iron that condensed on the top of such a furnace. 
It is a sample of distilled iron. I will pass it among you for 
your inspection. 


AupDIToRIuM Loup SPEAKER 


As an amplifier the vacuum tube is used in long distance 
telephone service to build up the strength of the feeble voice 
currents at intervals of forty or fifty miles. By this means 
conversation from coast to coast is entirely satisfactory. The 
voice, even though amplified many times as it passes through 
the several booster stations, is readily recognizable with all of 
the characteristics that identify one voice from another. 

Another use of the vacuum tube amplifier is in the talking- 
movie art. Here it is necessary to build up exceedingly feeble 
currents to a strength sufficient for a loud speaker. 

This application promises to assume considerable impor- 
tance in this new art now just at the beginning. 

Still another application of the tube as an amplifier is in 
what is termed the auditorium loud speaker. 

This is in effect an electrically operated phonograph. The 
object sought is improved quality of reproduction and in- 
creased volume. Such an apparatus is expected to be a com- 
petitor of orchestras in hotels, clubs, theaters, dance halls, 
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and parks, and in time may be used for church services. This 
apparatus resulted from efforts to improve radio loud 
speakers. We will play a small part of each of several records 
to give you an idea of its range of application. 


Puoto-GLtow TUBES 


While engaged in an effort to make a regulating tube, one 
that would not permit the voltage to exceed a certain deter- 
mined amount—it was observed that the voltage at which 
certain tubes operated varied with the day. On bright days 
it was lower than on dark ones. An investigation of the 
cause was begun and the tube that we will now demonstrate 
resulted. 

It was found that the materials employed in the tube had 
photo-electric properties. In other words, it was found that 
if a voltage be impressed upon the two terminals of the tube 
no current would pass if the tube was kept in darkness, but 
if it was subjected to light it passed a small current. If the 
light was made sufficiently intense, the amount of current 
passed would ionize the gas and thus permit the passage of a 
comparatively large current, enough, without amplification, 
to operate a sturdy relay. 

It will be observed here that when this tube is illuminated 
it operates and in this arrangement lights alamp. The lamp 
goes out as soon as the illumination is removed which can be 
done either by withdrawing the light, or by screening it with 
my hand. 

Numerous applications of contactless relays will suggest 
themselves as places where such a device ean be utilized. 


Grip-GLow TuBE 
Following up certain phenomena that were suggested bya 
study of the preceding device, Mr. Knowles—the inventor 
of the preceding as well as the device about to be described — 
found it possible to add another electrode in a particular way 
So as to secure quite remarkable control of the operation of 
the tube. This device known as the Knowles grid-glow tube 
is quite similar in size and general appearance to a radio tube. 
It differs principally in that it has no heated electrode and 
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also in that it contains a gas. When a voltage of about 400 
1s Impressed between its anode and cathode and the grid is 
left disconnected, no current will pass as the grid accumu- 
lates a charge from some of the free electrons and blocks oper- 
ation of the tube. If, however, the charge is removed from the 
grid the tube operates and passes sufficient current to operate 
a relay which in turn will close, or open, a circuit that can be 
made to operate any suitable electrical device. 

If an alternating current is impressed upon the tube, the 
grid can be discharged by means of a small condenser. Such 
a condenser can be formed by a sheet metal connected to the 
grid as one plate and the hand of an individual as the other. 
The ratio of energies in the control and operating circuits are 
of the order of 1 to 100,000,000. The usual relay has a cor- 
responding ratio of 1 to 1,000. This tube gives the greatest 
degree of amplification of any device thus far developed. 

In the set we will demonstrate for you, the inner surface 
of this sphere is connected to the grid of the tube and upon 
my hand being brought near to, but not touching, the sphere, 
the tube will operate and close a circuit which, in this case, 
contains a small electric sign. 

This particular set has a special historical interest in that 
it is the identical one used by the late Judge Gary to start up 
the Homestead Steel Works’ new electrical mills from his 
office in New York. This operation was the same as the one 
I have just shown you for lighting the sign excepting that, in 
place of the sign, the tube controlled a radio transmitter 
whose signal was picked up in Homestead and which there, 
on being amplified, operated a relay which closed the circuit 
and started up the great mills. 

I regret the necessity of making my story so sketchy but 
I thought you would be more interested in seeing more 
demonstrations than in hearing more details of a smaller 
number. 

It is a great pleasure to me to tell of the many new things 
my boys are doing and I judge from your generous reception 
of what has been presented that you share with me the 
thought that they have done a good job. 
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Mr. Scuwas: As president of the Institute I wish to 
thank Mr. Kintner, his assistants and Professor Knowles for 
their codperation in this very interesting paper; one of the 
most interesting we have ever had. I wish that he would use 
his ingenuity to devise some method by means of these tubes 
where, instead of starting and stopping an automobile, we 
could raise the prices of steel. (Laughter.) I also wish to 
warn him with reference to this church music effect that this 
is the first time I ever thought of worshipping God by machin- 
ery and also that I hope they will not mistake the reels and 
have somebody turn on ‘‘Casey at the Bat”’ when they ought 
to turn on church music. 

Now, gentlemen, we will have the second paper, ““Tech- 
nological Problems of the Steel Industry,’’ by W. A. Forbes, 
Assistant to President, United States Steel Corporation, 
New York. 
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TECHNOLOGICAL PROBLEMS OF THE STEEL 
INDUSTRY 


Wiuuiam A. Forpes 


Assistant to President, United States Steel Corporation, 
New York, N.Y. 


There is probably no more important unit of the steel 
industry than the technological. Technology, in its simplest 
conception in industry, is the transforming process whereby 
natural resources are modified, through a series of physical 
and chemical operations, into commodities required to satisfy 
the needs of the community. The technologists develop the 
way for this progress, by demonstrating in laboratory and 
experiment what can be done, and are ably followed by the 
civil, mechanical, and electrical engineers in designing plants 
and machinery, which will make economical production 
possible. It is impossible to draw a line between science and 
engineering, for the two intermingle and the transition from 
pure science to practical engineering is very gradual. The 
chemical engineer probably represents the liaison officer 
between the scientist and the practical engineer. 

It is the specific purpose of this paper, to throw some light 
upon some of the numerous major problems which confront 
our metallurgists, chemists and technicians, whose activities 
are primarily in the province of ferrous metallurgy. 

The steel industry, with inherent modesty, has not made a 
practice of proclaiming its accomplishments in the solution 
of these problems, and consequently has not perhaps been 
accorded by the public at large, the credit due the steel 
industry for the wonderful work it has accomplished in this 
direction. Many industries of more recent birth, owing their 
commercial usefulness to technological development, but 
appearing more spectacular in the public eye, have been 
favored better in this respect of publicity. 
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This foremost American industry has at times been 
characterized as not being sufficiently conspicuous in the 
matter of industrial technology. 

We may point out that, naturally, to create entirely new 
processes in iron and steel is much more difficult than in the 
newer industries, which in their developments, have in many 
instances drawn on the examples and experiences afforded by 
the progress accomplished in the steel industry. 

Chemical control on a large scale has always been credited 
to the iron and steel industry and the results therefrom have 
made possible its tremendous growth. Advancement in 
present-day transportation facilities, namely, railroad, steam- 
ship, automobile and aeroplane, are all rendered practicable 
by technological studies of the enhanced duties required of 
these facilities. 

We wish to re-affirm our definite acceptance of the fact 
that the steel industry has always realized that it exists in the 
‘‘Age of Chemistry,’”’ and that science is the intelligence 
department of all manufactures, without which this industry, 
like others, would at once become moribund. 

In order to accomplish uniform and satisfactory results in 
chemical control of all raw, intermediate, and finished prod- 
ucts, it is obviously necessary to have standard methods of 
analysis, and to this end permanently organized Chemists 
Committees have been meeting periodically. Since 1914, the 
Chemists Committees of an important steel interest have 
published seven official pamphlets covering as many sub- 
jects, as follows: Iron and Manganese Ores; Coal, Coke and 
Byproducts; Sampling and Analysis of Pig Iron; Fluxes, 
Cinders and Refractories; Gases; Alloy Steels; Ferro-Alloys 
and Bearing Metals. These standard volumes of analytical 
methods are official and are in demand by various labora- 
tories and universities. 

Many of the analytical methods are original with these 
chemists, and some of the older ones have been improved to 
meet the present-day needs. Every chemist fully under- 
stands that all our products are improved by scientific study, 
and their contributions for improvement are quite too numer- 
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ous to mention here in detail. Progress into other fields of 
analytical methods, not as yet practiced, is being made. 
Publication of the results of laboratory investigation and 
technical undertakings is withheld, until these results have 
been proven to be authoritative and commercially possible. 
The technical staffs of our various subsidiaries also care- 
fully test and analyze all products and materials purchased, 
and these test reports are submitted to the interested pur- 
chasing agents for their information and guidance. The 


- information thus obtained is useful for discussion with the 


manufacturer who in turn, noting the comments or reasons 
of rejection, studies how improvement of his product can be 
accomplished. In this manner alone, the steel industry is a 
material educator in technology, a weighty factor which is 
often overlooked by the public at large. 

There is a limit to which any industry can go in the direc- 
tion of technological study, and the steel manufacturer con- 
stantly bears this in mind, endeavoring to keep his studies 
within the bounds of reasonable expectation of results. 

The semi-annual meetings of this Institute are instru- 
mental in disseminating the technological knowledge and 
progress developed in the steel industry, and its program of 
technical papers constitutes the latest reviews of metallurgi- 
cal improvements and engineering practices. These papers 
for the most part represent original work done by the authors 
and the subsequent journalistic reviews and discussions, 
afford constructive educational information to this industry 
whose activities are dominantly metallurgical. 

Participating in these meetings, the representatives of the 
steel industry have since 1910 prepared and presented from 
this platform a total of 210 papers. They have freely con- 
tributed papers dealing with valuable scientific material and 
evolutionary facts, covering all phases of steel manufacture 
from raw materials to finished product, as well as papers on 
general commercial subjects and on industrial welfare, health, 
housing and education. 

This Institute functions with the primary aim of acting 
as a centralized fact-finding and information bureau. Its 
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leaders, in selecting these papers and their subjects, vision 
very carefully that the established order of today may be 
out-of-date tomorrow. 

The technological investigation work concerned in the 
manufacture of steel from raw materials to finished products, 
is conducted largely by standing committees covering the 
problems involved. These are augmented by intercompany 
and works committees, which meet regularly for the dis- 
cussion of their specific technical and operating problems. 
The chemical and physical laboratories of any individual 
company or plant codperate with others, when desirable, to 
perform the scientific work detailed for them. Those prob- 
lems passing the laboratory stage are, when sufficiently 
promising, experimented with on a larger scale at the plant 
best adapted for the purpose. Upon completion of labora- 
tory, and these larger scale tests, all theoretical, practical, 
and commercial phases of the question are discussed by the 
proper committee and interested executives regarding its 
application in the industry, and if the decision of this council 
is favorable, the method, process or plant is developed into 
the operating stage. 

In the matter of patents, great encouragement is always 
extended to the employees of all classes to invent new 
methods, processes and labor-saving devices. The employees 
of an important steel interest have since January 1, 1917, 
been granted at Washington, D.C., a total of 762 patents 
pertaining to the steel industry, of which 252 or 33% per 
cent. of the total are classified as pertaining to metallurgy 
and chemistry. 

It has been considered wise not to patent, for the sake of 
patenting alone, what appear to be far-fetched and unwork- 
able systems, but only those which give promise of practical 
operating value. Many improvements, instituted and de- 
veloped by our workers, have not been patented, but have 
been introduced into our practices without ceremony and 
with suitable recognition to the originator. 

Many production advantages and ideas have been dis- 
tributed freely to other manufacturers, without thought of 
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other compensation than the benefits of mutual coéperation- 

That the idea or process of the inventor must be sound 
and practical, and pass the judgment of many executives 
before the application is made, is testified to by the small 
percentage of applications rejected; approximately five out 
of six patents applied for are granted. 

The technological principles underlying the selection of 
suitable raw materials for the byproduct coke ovens and the 
blast furnace, the operation and tonnage development of the 


_ byproduct coke oven and blast furnace, open-hearth fur- 


nace, bessemer converter and electric furnace, alloy steels 
and finished products, have been largely instrumental in the 
continuous progress of the steel industry of the world. 

Take railroad transportation as an example of techno- 
logical improvement, and it is easily realizable that, without 
the intelligent study of the metallurgist and chemist, rails 
could not have been developed to carry the heavy loads now 
demanded. It is true that the carbon saturation point of rails, 
in the heavier sections, has now apparently been practically 
reached in specifications set up by the railroad companies, 
but the technologist continues his work of overcoming this 
handicap with excellent prospects of success in the com- 


paratively near future. 


We will now bring to your attention a few specific ex- 
amples of technological study which have been, or are being, 
made. Subjects have been selected so as to represent the 
various stages of steel manufacture, from raw materials to 
finished product. Incidentally, I may say that, for the reason 
of my position with the United States Steel Corporation, the 
data presented are largely drawn from the studies and obser- 
vations of the technical personnel of that organization. 


IRON ORE 


In 1926, the Lake Superior District produced approxi- 
mately 85 per cent. of the iron ore mined in the United 
States, from its seven different districts, or so-called iron 
ranges, which are distributed along the south and west bor- 
ders of Lake Superior, in Minnesota, Wisconsin and Michi- 

16 
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gan. The Missabe Range mining problems have required the 
most attention. 


MissaBE RANGE MINING PROBLEMS 


The ore bodies of the Missabe Range are relatively flat- 
lying, and have a large surficial area and relatively shallow 
depth, as compared with ore bodies of most of the other iron 
ranges of the Lake Superior District. They also consist of 
four major layers or horizons, each of which contains from 
two to four subdivisions of ore of different grade and texture. 
They are covered by an overburden of glacial drift, varying 
in depth from a few feet to 150 feet or more. The problems, 
then, are those of proper methods of extraction of such flat- 
lying ore deposits, and of grading, due to the varieties of ore 
met with at different contiguous horizons. Because of the 
above described physical conditions, most of the ore bodies 
can be, and are, developed by open-pit methods, at least to 
the point where the cost of mining by such methods equals, 
or slightly exceeds, the cost of underground operations. 


OPEN-PIT OPERATIONS 


In the removal of the glacial drift overburden and the 
subsequent ore mining operations, suitable practical and 
economical machinery is required, consisting of shovels, air 
dump cars, suitable rails and locomotives of high tractive 
power. The shovels vary in size from 30 to 350 tons, the 
stripping cars from 20 to 30 cubic yards, the locomotives are 
standard gauge varying in size up to 100 tons. The shovels 
used are either electric or steam shovels. Under some con- 
ditions, also, dragline machines are being used. Ore cars are 
of 50 tons and 75 tons capacity. 

The mining problems in the open-pit operations necessi- 
tate planning and installation of adequate track systems for 
the removal of both stripping and ore, proper locations for 
waste and lean ore disposal, yards for storing and sampling 
of loaded ore cars, mechanical shops and plants, and other 


items arranged so as to permit of the greatest economy and 
convenience. 
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The whole operation is practically one of mass production, 
delivering at the same time a variety of grades of ore assem- 
bled from a number of places from the interbedded strata of 
ore, ore-material, and waste, all of which must be moved, 
sorted and disposed of as the character of the material 
demands. 

The problem of producing the different grades of ore 
required for furnace use, is one of the most difficult of the 
open-pit mining problems, requiring the proper manipula- 
. tion of steam shovels and track grades to select the ores from 
the various sections needed, and at the same time conform to 
the best engineering practice in working the open pits. Only 
by having very complete advance information from drill hole 
explorations, as to the quantity and quality of ore in each 
deposit, the large number of operating mines and facilities 
for rapidly mining, shipping, mixing and storing ores in the 
docks and vessels, is it possible to deliver such large quantities 
of ore uniformly graded. 


UNDERGROUND MINING OPERATIONS 

To meet the variety of problems presented in underground 
operations, much improvement in the operation has been 
made by installation of labor-saving devices, such as tugger 
hoists, mechanical slushers, and scrapers, in the use of which 
air-driven and electric double-drum hoists are employed, for 
conveying the ore from the working faces to chutes for trans- 
fer to main tramming levels. 

One of the outstanding features of the present day has 
been the rapid change from steam operated to electrically 
operated mining equipment, and today most of the hoisting 
and pumping plants, and tramming machinery, on all the 
iron mining ranges are electrified. The mines are also elec- 
trically lighted. 


BENEFICIATION OF MissaABE RANGE ORES 
As the margins of the ore bodies, especially of the open 
pits, have been approached by mining operations, large 
masses of coarse ore and rock have been encountered, which 
brought an objection from the furnace operators, because of 
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the large number and size of lumps in the ore delivered. To 
meet this problem, crushing and screening plants have been 
installed. The development of such plants was found neces- 
sary from the mining company standpoint also, because of 
the fact that these masses of lump ore greatly hindered and 
delayed steam shovel operations, requiring the avoidance of 
certain areas in the open pits in which such material pre- 
dominates. The drilling and blasting, and subsequent further 
sledging of such large lumps in the open pits, to reduce them 
to acceptable sizes, was an unsatisfactory operation, for the 
reason that this work naturally consumed a large amount of 
labor and valuable operating time, and thus added con- 
siderably to the total producing cost. 

The condition in a certain section became so serious, due 
to the above described causes, that a screening-crushing 
plant for the proper reduction of lump ore, and a screening 
plant for the removal of rock chunks from ore mixed with 
such material, were installed. Subsequently, when the open- 
pit conditions required it, this was followed by two further 
installations. The average capacity of each of these latter 
plants is about 20,000 tons per day of twenty operating hours. 
Both plants are heavily constructed units of steel and con- 
crete, in which the ore movement is almost entirely by gravity, 
except for pan conveyors which convey the large chunks, 
some of which weigh several tons, from the screening grizzlies 
to the crushers, which reduce them down to pieces less than 
5 inches in size. The operation of these plants has proven 
very successful, and has demonstrated that this is the prac- 
tical and economical method of eliminating chunks in con- 
tinuous open-pit operations. 


CONCENTRATION OF SANDY IRON ORES 


In the early exploration of the Missabe Range, sandy iron 
ores were encountered in considerable quantities in different 
parts of the Range, especially on its western end in the area 
from Hibbing to Coleraine, in which a large proportion of the 
silica in the ore occurred in the form of fine sand. In 1907, 
after an exhaustive study and investigation, an experi- 
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mental mill was erected, at which elaborate tests were made 
in treating this class of ore. As a result of these tests, a large 
five-unit concentrator was erected and placed in operation in 
1910. The flow of ore through this mill is almost entirely by 
gravity. The essential machines in this plant are: 5 revolving 
bar grizzlies; 5 cylindrical wash trommels; 5 picking belts; 
ten 25-foot and ten 18-foot log washers; 15 settling tanks; and 
100 tables. This plant developed a maximum capacity of 
about 30,000 tons per day of concentrates. The maximum 
' annual production, however, made from it was 3,000,000 
tons. A year ago, 6 bowl classifiers were installed in three of 
the units, to replace the 18-foot log washers and the tables 
which had been used to recover the material finer than 
approximately 10-mesh. Crushers, and an elevator, were also 
installed in one unit so that the wash trommel oversize 
could be crushed and rewashed in one of the log washers, thus 
eliminating considerable silica in this lump material. 

Beneficiation of these Missabe ores by washing gives the 
following general results: 


Crude ore Washed ore 
Ber Cents, bron (Be)oe. saci tcis rae «300% 44.50 56.25 
PeriCenes Pbospnorus)ca... Ne oe tienereeins oe 0.045 0.055 
Remi @erbe eiliced: aotee ts haiterieiisinda ieee 32.00 14.00 
Per@ent  sNEOIShUTe ss). rR icckts volatile 8.70 9.20 


For many years, due to the high average iron content of 
the natural ores, it was not necessary or important to give 
the subject of beneficiation serious consideration. However, 
conditions have been changing materially within the past 
few years, necessitating, or at least making it advisable, to 
consider some method of treatment at the mine. Of late 
years, washing, screening, drying and other forms of treat- 
ment, as described above, are being successfully applied to 
certain of the hematite ores, the result being an improve- 
ment in the physical and chemical character of the product, 
thereby greatly reducing transportation and blast furnace 
reduction costs. Wherever it is commercially possible, im- 
purities are being eliminated at the mines. 
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Maaenetic [Ron ORES 


A realization of all of the above facts calls attention to 
the importance of the large magnetic iron ore deposits, 
many of which are located within comparatively short 
distances of blast furnace plants. 

All magnetic iron ores are susceptible to beneficiation, 
and it is possible to increase the average iron content of the 
ore (27 per cent. to 35 per cent. as mined) to various per- 
centages from 60 per cent. to 70 per cent., depending upon 
the fineness of the crushing and grinding. The finer the grind- 
ing, the higher the iron content in the concentrate, with the 
resultant elimination of practically all the gangue minerals. 
The degree of fineness to which ore can be reduced by dry 
grinding is limited, on account of the resultant amount of 
dust. A magnetic iron ore averaging 34 per cent. iron and 
0.08 per cent. phosphorus, when ground wet to pass a 300- 
mesh sieve, has resulted in a concentrate analyzing over 
70 per cent. iron, less than 2 per cent. silica, and less than 
0.006 phosphorus. Dry concentration by milling to pass a 
4-mesh screen can yield, from crude ore containing 30 per 
cent. to 33 per cent. of iron, concentrates containing from 
62 per cent. to 65 per cent. of iron; and in an experimental 
way, by dry concentration, crude ores of 15.25 per cent. iron 
have been concentrated to 63.85 per cent. iron. 

Most of the large deposits of magnetite in the United 
States and Canada require mining by underground methods; 
this is not considered, by operators, as a handicap, as con- 
tinuous production is usually desirable, and very little diffi- 
culty is experienced in either the mining or milling operations 
during the winter months, whereas it would not be possible 
in many localities to operate open-pit and steam shovel work. 

Both wet and dry concentration processes have been 
demonstrated, on a fairly large operating basis, at a number of 
magnetic iron ore properties. On account of the fineness of 
the highly concentrated ores, it is uneconomical as a rule to 
use them as such in blast furnaces. In recent years, the usual 
practice is to sinter or briquette these concentrates for blast 
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furnace use, and this is being successfully and economically 
accomplished on a substantial tonnage basis. 

From a study of the methods, as applied to the benefici- 
ation of the magnetic ores in general, it appears that the 
problems have been pretty well solved and that types of 
standard machines have been developed that are satis- 
factory. This will be noted in the description of one of the 
fine grinding wet methods as follows: 

Mining.— Underground, shrinkage stoping, all ore hoisted 
and delivered directly from shaft to mill bins. 

Coarse Crushing—The crushing of the run-of-mine ma- 
terial to one-inch ring is done in three stages as follows: 
Run-of-mine to 6 inches in a 36-inch by 48-inch jaw crusher, 
6-inch to 2'%-inch in a 24-inch by 36-inch jaw crusher, 
21-inch to 1-inch ring in a 48-inch horizontal dise crusher. 
The dise crusher operates in closed circuit with a screen. All 
crushing is done dry. No attempt is made to discard waste 
after any of the crushing stages. The finished product from 
the disc crusher passes directly to the main storage bins. 

Grinding and Concentrating.—The coarse grinding is done 
by two mills, both operating in closed circuit with an 8-mesh 
revolving screen, and having a capacity of 800 tons per 24 
hours. About 50 per cent. of the discharge from the mills will 
pass a 200-mesh screen. 

Before passing to the fine-grinding circuit, the pulp from 
the coarse-grinding units passes in turn through a thickener, 
magnetic separators, and demagnetizers. The thickener and 
the magnetic separators both make waste products. 

The fine grinding is done in two stages, in both of which 
6-foot by 48-inch mills in closed circuits are used for the 
grinding. In the first stage, the pulp from the demagnetizers, 
noted above, passes to bowl classifiers, which are operated so 
as to overflow a product, 80 to 85 per cent. of which will pass 
20-mesh. The sands from the classifier pass to the 6-foot by 
48-inch mills, thence to magnetic separators making a waste 
product, and a middling product, which is elevated to a 
desliming thickener, the spigot product of which passes 
through a demagnetizer back to the bowl classifier. The 
overflow from the thickener is a waste product. 
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The overflow from the classifiers of the first-stage fine- 
grinding, pass to magnetic separators placed in sets of two as 
usual, but with the first machine set to make a waste product. 
The second machine is given a special setting so that it 
makes a high-grade concentrate, and a middling product. 
This middling product is delivered to a classifier, the overflow 
of which returns to the separators, and the oversize to 6-foot 
by 48-inch mills in closed circuit, the discharge from which 
returns to the classifier. 

The high-grade concentrates from the separators in this 
circuit either pass directly to a desliming thickener and then 
to filters, or, in case a special high-grade low-phosphorus 
product is desired, they are passed over 150-mesh screens 
before being sent to the thickener. The oversize of the 
screen in this case is returned to the second stage of the fine- 
grinding circuit. 

From the filters the concentrates pass to the briquette 
presses. The briquettes are hand piled on cast iron kiln cars 
with fire brick tops, and pushed through gas-fired kilns. The 
cars of burned briquettes, completely converted to hematite, 
are cooled and discharged to a skip hoist, to be delivered 
either to railway cars for shipment, or to the storage pile. 

For dry concentration an operating unit for the milling of 
the ore after the hoist is as follows: 

Direct from the headframe, the ore is passed over a rotary 
grizzly with 214-inch openings. The oversize is sent to 10- 
inch by 72-inch jaw crushers for crushing down to 21% inches 
and smaller. 

Product passing 21-inch grizzly goes to a vibrating screen 
which has >-inch openings. The undersize, which contains 
the most moisture, is elevated to a tower dryer, for moisture 
removal. 

The feed to the concentrator is regulated by means of feed 
rolls, and conveyed to a belt conveyor, which discharges 
onto two vibrating screens having 114-inch openings. 

The resulting oversize goes to two 30-inch by 36-inch 
pulley-type magnetic separators, which throw out all the rock 
having not more than 4 per cent. iron. This rock is stocked, 
and later reclaimed for ballast and concrete aggregate. 
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All the ore above 4 per cent. iron is discharged from the 
magnetic separators to a set of heavy duty rolls, and crushed 
to 1/4 inches and smaller, and then fed to a 30-inch belt con- 
veyor, together with the material that has already passed 
through the screens of the above size. 

The 14-inch material is now passed over 12 vibrating 
screens having 14 inch openings, the oversize from this 
operation goes to four 30-inch by 36-inch magnetic separators 
which eliminate the rock portion. 

The separated ore is fed to two 54-inch by 24-inch rolls, 
from which it is returned to the above screen as a circulating 
feed. The product under 14 inch is ready for final concen- 
tration where it passes over 16 vibrating screens having 
inch openings. The final size, everything under \% inch, goes 
to a battery of sixteen 30-inch by 30-inch magnetic drum 
separators, where the tailings are removed, and concentrated 
ore now containing 6214 metallic iron is ready for the sin- 
tering plant. 


COAL, COKE AND BYPRODUCTS 


To select for acquisition coal acreages to provide for the 
future supply of the various types of coking coals has involved 
much vigorous field work, laboratory study and many 
experimental coking tests. 

A laboratory for the specific purpose of studying coking 
coals was established at the time our first byproduct coke 
ovens were built, to exclusively conduct such work as 
thorough testing of coal samples from diamond-drilling cores, 
or exploration samples, or mine samples, determining the 
theoretical byproduct yields and probable coking qualities. 
These were followed by the actual coking of sizable tonnages, 
to note the coke quality, and the operating peculiarities of 
the coal in its passage through the carbonizing unit. 

Many coal fields were thus tested, and before acreages 
were acquired, a complete history and operating knowledge 
of its product was pretty well predetermined. 

A very certain and efficient method for the testing of the 
coking qualities and byproduct yields of coal was developed 
in this laboratory, which method is now standard. 
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Much auxiliary work has been done, such as X-ray analy- 
sis of coal, observations of oxidation and weathering rate, 
factors influencing coking properties, and _beneficiation 
studies, both in the laboratory and in the field, in testing of 
coals for improvement in their composition and quality, by 
cleaning by various methods. 

In coal-mining operations it is the custom to sample work- 
ing sections of all the mines. Any section of the mine found to 
be high in impurities is given prompt attention, and in a 
number of cases where sulphur or phosphorus proved high, 
the output has been either reduced, or loaded separately for 
the purposes for which it is considered satisfactory. At many 
coal mines domestic water supply is local; that is, it isobtained 
from springs or water-wells in the vicinity of the towns. If, 
after being analyzed, any source of water supply is found to 
be unfit for domestic use, the spring or well is destroyed or 
closed. Water is also analyzed for boiler purposes, and the air 
in the mines is given careful and frequent analyses. 

A creditable investigation is the long study and money 
outlays made for building experimental plants for the treat- 
ment of acid mine waters, which problem has received the 
utmost consideration. In treating these mine waters, a by- 
product has been obtained in the form of a hydrated oxide 
of iron, though the low price of this byproduct recovered, is 
too small to balance the cost of operations. 


CLEANING OF COAL 


Comprehensive studies of the various coal cleaning 
methods have been conducted, and actual tests of coal from 
many fields have been made on the various equipment for 
mechanical cleaning, including the wet, dry and pneumatic 
processes. All principles for the reduction of impurities in 
coal are based upon differences in specific gravity between 
clean coal and impurities. The most successful plans for 
improving the quality of coal are based upon the flotation 
method of employing the difference in specific gravity. Of 
these, in large scale operations, water flotation and air flota- 
tion are the two which have so far met with the greatest 
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success. The advantages of each as compared with the other 
are as follows: q 

For Water Flotation—Ability to treat greater variation in 
size, in other words, to treat as small size coal as, and larger 
size coal than, air flotation. 

Ability to treat coal in greater range of sizes in one opera- 
tion (viz., in one jig or table), resulting in less screening 
required. 

For Air Flotation—Avoidance of added expense on 
account of added moisture, either for transportation of the 
extra weight, or for evaporation in use. 

An example of results obtained in the water flotation 
process, as conducted by a Company washing large tonnages 
of coal, is shown below for the year 1926, where, in order to 
secure as low ash as possible in the coking coal, the bone or 
intermediate coal was also removed in the washing, and used 
for boiler purposes. 


Raw Coat WASHED CoaL 
Washer Vol, F.C. Ash Sul. Vol. F.C. Ash Sul. 
No. 1 27.48 56.85 15.67 1.44 30.79 65.29 3.92 1.09 
No.2 27.61 62.25 1014 1.438 29-15, 666.23" 4164 1.17 
No. 3 26.51 60.93 12.56 1.59 28,67) 66.02 4:61 1.22 
No.4 25.34 61.46 13.20 1.86 VAT omens CH Gl 4.52 1.28 
BoriLer Coan 
Washer Vol. F.C. Ash Sul. 


No.1 27.64 659.31 13.05 1.62 


No. 2 26.00 59.80 14.20 2.00 
No. 3 26.05 60.85 13.10. 2.03 
No.4 25.12 61.20 13.68 2.20 
REFUSE 
Float at 1.37 Sink at 1.37 
Per cent. Ash Sul. Per cent. Ash Sul. 
No. 1 3.9 3.85 1.10 96.1 70.62 2.14 
No. 2 4,2 4.79 1.27 95.8 61.83 4.67 
No. 3 4.9 4.92 1.35 95.1 63.33 4.08 
No. 4 4.7 4.70 1.48 95.3 66.00 5.24 
OvuTPuT 
a allity pad bpnee | Per cent. || , epee Per cent. aries Per cent. 
No.1 240,200 || 188,898 | 78.64 || 15,358] 6.39 || 35,948] 14.97 
No 696,903 |} 580,673 | 83.32 50,900 7.30 65,330 9.37 


1 
.2 
No. 3 1,178,754 || 960,965 | 81.52 80,647 6.84 || 137,142 11.64 
4 491,923 || 399,886 | 81.29 32,373 6.58 59,664 | 12.13 


No. 1 Washer efficiency 92.9% based on 3.66% inherent ash in coal 
No. 2 Washer efficiency 90.2% based on 4.20% inherent ash in coal 
No. 3 Washer efficiency 90.5% based on 4.20% inherent ash in coal 
No. 4 Washer efficiency 92.4% based on 4.20% inherent ash in coal 
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No individual cleaning process can be claimed to be most 
suitable for all coals and all conditions. The choice of method 
will depend largely upon the efficiency of separation required ; 
that is, whether a product of given quality will be satis- 
factory, or whether the maximum possible purity is de- 
manded. Other factors that enter into the choice of any 
process are: 

Maximum price that the consumer is willing to pay for the 
cleaned product. 

Ability to secure and impound an abundant and cheap 
water supply. 

Occurrence of impurities; 7.e., whether freely associated 
or closely combined with the coal. 

Distribution of impurities; 7.e., whether uniformly dis- 
tributed through all sizes, or greatest either in coarse or fine 
coal. 

Possibility of a market or outlet for a middling product, 
thus enabling the cleaning plant to secure the cleanest 
possible coal, and the least wasteful reject. 

It can be said that all of the treating processes will pro- 
vide a more uniform product, by reducing the ash and sulphur 
content, and that a combination of the wet and dry systems 
would give better results on some coals than either all wet 
or all dry processes on the same coals. Therefore, each instal- 
lation must be considered separately, and the best process 
selected to obtain the results desired, considering at the same 
time the added installation and operating costs. 


UTILIzATION OF Coat Minr Dumps 


Laboratory work, involving the utilization of waste 
materials which have resulted from mining operations, has 
recently developed a processing system to make a com- 
mercial and salable building article from the slaty material 
occurring in the burnt out refuse dumps, in certain favorable 
districts. . 

This material, consisting chiefly of calcined fireclay, is 
crushed, sized and treated to produce roofing granules or 
coating materials, of several shades of red and brown. In the 
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treatment process, spent pickling liquor from steel mill 
operations is used to a considerable extent. Thus by a happy 
combination, two waste materials are brought together to 
produce a high-grade, and an unusual and popular colored, 
roofing element. 

The patent application covering this conversion process 
is pending, and the outlook for the practical manufacture of 
this article is promising, thus by science two of the lesser 
byproducts or waste materials are combined to become a 
merchantable commodity. 


CoxKING PROPERTIES OF COAL 


The coking properties of coal have, we believe, received 
more intensive study than any other quality of this important 
commodity, and accordingly we will detail some interesting 
laboratory and field facts, developed after two years of work. 
This coking property of coal varies with different kinds of coal, 
it varies with coals from the same seam, and mined within 
comparatively close ranges, and it varies with different con- 
ditions arising in the actual coking operations. It is well 
known that, even in coals of practically the same analysis, 
the coking property is not necessarily even approximately the 
same, as is shown by the following actual operating and 
laboratory data, on two similar coals from different districts 
and different seams. 


Coat No. 1 Coat No. 2 
Analysis (Proximate) Per cent. Per cent. 
Molatitlesmatter:. peace. -er- at. our 83.75 33.05 
PME sig ce eh eteNc gece oy ee CR 9.51 9.12 
HixeqicarpGOnM seemee oir cle sien <a) 56.74 57.83 
SSULSINUES ae Peer ep as ashe c¥ei es = 1.24 1.25 
Analysis (Ultimate) 
ATO ee a ic, (s- h al ala 78.38 78.53 
Ts Gxehfordsing oP whe ee ee 5.06 5.10 
Peigik Nc Sen ca rotate Bee Cae RCO CIRO 4.22 4.50 
Silicate’: 2S an one ee erene te 1.24 1.25 
INGENOM CH rte Sift cor veka rian 1.38 1.50 
@hicrinem er tee enc ms oe alee lil 
PHOSPHO ay ree Fetes tole etka 035 015 
Yields Oe distillation test) 
(GIAIES. Bid oe gre eee aR ERC 73.4 per cent. 73.6 per cent. 
Tar. OMI oie eevee ola ahah age 9.4 gallons 9.6 gallons 
pArmmonin UN Es) sce: ec 22a hole 6.1 pounds 6.4 pounds 
JOGO & og bpemema da ot pe aioe 3.7 gallons 3.7 gallons 


(CRISES SAS Oe BIRR Dolce eae 12,260 cu. ft. 12,944 cu. ft. 
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From the above analyses, it is reasonable to assume that, 
by subjecting these two coals to exactly the same operating 
conditions, cokes of similar characteristics would be produced. 
That such an assumption is not borne out by actual results is 
shown by the following data obtained from the operation of 
a series of test ovens under the same normal plant conditions. 


Coke from Coke from 


Coal No. 1 Coal No. 2 

Gokitig timers ere oe eee ene 18.2 hours 18.2 hours 
Temperature of coke as pushed........... 2075° F. 2081° F. 
Percentage of fines through 1’ before 

SETESNMIE sls ieterrakeeiere ale eer ace 15.1 8.0 
Sieve test of furnace coke: 

On SO MeE WOU Gs! <n cists sect sraerer ene iene 27.3 25.0 

Potalonm2' percent. ...34.cnb i wise eas 62.8 75.0 

‘Thrower niles, net Cont. init seek hee bic 2.5 2.0 

Strenctheiaco. siete tre grees 50.7 75.0 

Hard 6ap) ote za racers apne sieiatiet aw sae 66.5 76.7 

Brittlenessiicce 2 sight ck aan 69.8 49.0 

Mel valine o: (cotta ne lat aretoltr ne hteeas 42.0 91.0 

Porostty,per Gets .0.<pies <lee e 47.0 47.2 


The coke from Coal No. 2 produced an excellent grade of 
metallurgical fuel, while the coke from Coal No. 1 differed 
entirely in physical properties, and was of no value as a blast 
furnace coke. In the case of this coke, it was almost impos- 
sible to push it from the ovens without crushing the entire 
mass, yet the contraction of both coke masses was almost 
identical. It cannot be said that Coal No. 1 did not possess 
fusion properties, as the coal mass was thoroughly coked, yet 
the physical properties of the resultant coke show conclu- 
sively that these fusion properties were not similar. 

The scope of extensive experimental studies, carried on at 
a large byproduct coke plant dealing with the production of 
a metallurgical coke from high-volatile coal, and practical 
operating data gathered therefrom, show a decided improve- 
ment in the quality of the blast furnace coke has been obtained 
as evidenced by the physical properties of the coke and its 
reaction to blast furnace operations. 

To produce improved quality of furnace coke, actual oven 
tests, under operating conditions, were required, and for 
approximately two years this work has been steadily carried 
forward. It was necessary to produce coke from different coal 
mixtures, employ different temperatures, different sizings, 
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and different coking times, and to carefully correlate the coke 
plant operation with the reaction of the blast furnace, and 
establish a definite relation of the variables which produced 
either a good, or an unsatisfactory, blast furnace fuel. 

That a better metallurgical fuel is being produced from 
the same raw material is definitely shown by the operation 
of the blast furnace. By suitable segregation of the coals and 
close temperature control, the production of this improved 
fuel could be continued, but it was not understood why coals 
of apparently the same composition should produce such 
different qualities of coke. 

On reaching this stage of the study, determinations of the 
melting point, or plastic stage, of the coal were made. In this 
determination, the resistance of the coking mass to the flow 
of inert gases is measured under carefully standardized con- 
ditions. This, too, at first seemed unreliable, but by plotting 
these results and comparing them with the physical quality 
of the coke, and the operation of the blast furnace, a definite 
relation was found to exist between them. 

By adjusting the carbonizing temperatures of the ovens, 
it was found that the physical properties of the coke were 
immediately improved, and the blast furnaces on this coke 
responded correspondingly, indicating that the coke quality . 
had been actually improved by a knowledge of one of the 
coking properties of a coal, its melting point. 

It would now appear pretty sure, that the melting point, 
or plastic stage, of the coal is a very important factor in its 
coke-producing qualities, and probably the best index in 
selecting high-volatile coals for the ovens. Some coals begin 
to gasify at 420° C., others at higher, and some at lower 
temperatures, and this melting point characteristic has now 
been found to be so important, as developed in conjunction 
with practice, that great care is exercised in mixing coals 
from various mines, so that only those of approximately the 
same melting point are used together. By segregating the 
coals in this manner, and by corresponding temperature 
control of the ovens during the coking period, an improved 
metallurgical coke product is obtained. 
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Further work is in progress to establish a definite relation 
expressable, if possible, in figures to show the influence of the 
melting or decomposition point of coal, and its resultant 
behavior on coke structure and blast furnace reaction. 


Bypropuct CoxkE OvEeNs 


Byproduct coke from the quality standpoint, in prefer- 
ence to beehive coke, for blast furnace and foundry use, is 
now so well recognized that there is no need to dwell upon 
this subject. The byproduct coke oven operator, as hereto- 
fore stated, is continually endeavoring to further improve the 
quality of his coke by suitable technological studies of coals 
available, temperature control at the ovens, coking time, etc., 
with corresponding observation and attention, as to their 
effect on yields and quality of byproducts. 

Technological studies extended to the oven proper, or re- 
tort, have been principally in the direction of greater tonnage 
capacity, and this has been effected by gradual but sure 
development in the dimensions of the ovens, allowing more 
coal per charge, and also in the reduction in the coking time 
per charge, the net result being that a modern byproduct 
coke oven can now produce about twice as much coke per 
twenty-four hours, as an oven, modern at that time, could 
produce per twenty-four hours in 1909. Naturally, consider- 
ing the heavy investment involved in a byproduct oven, 
changes in dimensions have been conservatively made. The 
growth and development of the byproduct coke industry in 
the United States has been very large, as is evidenced by the 
production of 5,607,899 net tons of byproduct coke in 1907, 
while in 1926 the production was 44,376,586 net tons. 

The success of the steel industry in increasing its by- 
product coking operations will no doubt gradually extend in 
other directions, and is today a significant educational factor 
that more coal should be processed for general public use. 
Approximately 85 per cent. of all byproduct coke made in 
this country today is being produced for metallurgical 
purposes. 


A technical Advance in operation of some byproduct coke 


TECHNOLOGICAL PROBLEMS—FORBES 257 


oven plants, particularly those supplying gas for municipal 
purposes, is the heating of the ovens with coal producer gas, 
thus conserving for the above purpose the entire production 
of the higher heating value coke oven gas. Similar conserva- 
tion of the high value gas from the ovens is accomplished at 
some European plants by employing blast furnace gas as the 
heating medium for the ovens. 

Studies are being made of improved methods of recover- 
ing phenol constituents from the waste waters of coke plants 
in order to prevent the pollution of the streams into which 
they flow. Extraction plants have been built at considerable 
expense by the steel industry at various points, in endeavors 
to commercially overcome this condition; although successful 
in preventing entrance of the phenol into the streams, there 
are, as yet, no financial profits from the operation. 

Desulphurization of coke oven gas is one of the technologi- 
cal studies not yet completed, which occupies an important 
position at the present time, particularly the effect it will 
have in rendering coke oven gas more suitable for the pro- 
duction of low-sulphur steel in open-hearth furnaces. 


Coxre Bypropucts 


A certain amount of concern has been expressed from 
time to time as to the ability of the market to absorb the 
large quantities of byproducts recovered in making byproduct 
coke: to wit, tar, gas, ammonium sulphate and benzol. So far, 
all these byproducts have been readily and _ profitably 
absorbed and we see no reason why this condition should not 
continue. 

Benzol products have been removed from our coke oven 
gases since 1915, when War measures hastened the installa- 
tion of plants, which had been earlier recommended. 

The country’s production of these aromatic hydrocarbons 
in 1926 totaled 132,843,665 gallons practically all recovered 
from its metallurgical coking units. 

Improvement in quality and yield of byproducts has 
been one of the slogans of producers for years, resulting in 
the production of, for instance, ammonium sulphate from 

17 
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coke ovens, equally as good and as greatly in demand as 
ammonium sulphate synthetically manufactured from atmos- 
pheric nitrogen. Improvements, also, in the refining of other 
byproducts such as motor benzol, pure benzol, toluol and 
solvent naphtha permit the production of high-grade non- 
corrosive and odorless products, thus removing the former 
principal objections to these commodities. 

A close study is being given by the steel industry to the 
problem of tar and the most profitable disposition of this 
useful commodity by distillation or otherwise. 

Continual study is also being made by the steel industry 
of the development and use of other byproducts than those 
already referred to, which are recoverable from coke ovens: 
for instance, cyanides, alcohols, and the various byproducts 
of tar distillation. 


ECONOMICAL BURNING OF GASEOUS FUEL 


It has been developed at certain works, that greater 
economy in burning coke oven gas in heating furnaces of 
various types is accomplished by furnishing the gas to the 
burner system at a uniform pressure of from 10 to 15 pounds, 
this gas utilizing the pressure to inspirate a correct volume of 
atmospheric air for proper and efficient combustion. This 
practice resulted in a very marked increase in production, 
with a correspondingly great reduction in: the gas used per 
unit of product. At the same works, certain type heating 
furnaces and soaking pits were equipped with the low- 
pressure system, where fan air, at 1 to 1.5 pound pressure, 
inspirates gas at about atmospheric pressure, resulting also 
in increased production and decreased fuel consumption. 

In utilizing a correctly proportional and homogeneous gas 
and air mixture, the amount of waste gases is a minimum, 
and the heat generated a maximum, or, in other words, the 
available heat is high. This system of fuel application may 
be considered more economical on small forging and heating 
furnaces, and large continuous furnaces which are designed 
for waste gas temperatures below 1200° F., than on similar 
furnaces equipped with regenerators or recuperators. Even 
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on the direct fired soaking pit, where the waste gases leave 
the pit flue opening above 2000° F., the economies are 
apparent. In addition there is lower scale loss and better and 
more uniform heating. 


LOW-TEMPERATURE CARBONIZATION OF COAL 


We cannot well leave the subject of coal and byproduct 
coke without dwelling at some length on the features of low- 
temperature carbonization. 

Interest. in the low-temperature carbonization of coal 
ebbs and flows according to the relative enthusiasm and 
aggressiveness of the parties carrying on development work. 
Very few new discoveries have been made that indicate it 
_ has any immediate commercial value to us in this country. 

The primary object of the method is to transmit heat to 
the coal at a rate which will prevent the decomposition of the 
primary tar oils and gas. The temperatures used seldom 
exceed 1200° F., as distinguished from high-temperature 
carbonization of 2000° F. or more. 

As in most matters, the economic necessities either make 
or eliminate the possibility of commercializing an industry or 
product; and while it was thought by many at the close of the 
War, that there was a great opportunity for low-temperature 
distillation of coal in this country, other economical factors 
seem to have changed that condition very materially. The 
tremendous increase in the production of natural oil and sur- 
plus capacity of both the bituminous and anthracite mines 
of the country, make it very difficult for a comparatively 
untried industry to survive the commercial competition. 

Without reviewing the literature on the subject, and the 
character of the products produced, it is not difficult to see 
that the so-called smokeless semi-coke will have a difficult 
time to compete with either the soft or anthracite coal mar- 
kets, as fuel for domestic purposes in this country. The 
character of the oil produced by the process, however, has 
a chance, because of the large yield of creosote oil in the tars 
produced, but even at prices higher than are now obtainable 
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for creosote oil, unless the residual coke can be marketed, a 
plant practicing the method could not survive. 

The above being true, there appear to be only two channels 
that might be of interest at the present time. One is the use 
of the process in some stage of the complete gasification of 
coal, and the other would be to practice the method for 
recovery of the oil products, and immediately burn the 
residual coke to produce power. 

Undoubtedly many observers will take exception to the 
above statements. Naturally the conclusions are influenced 
by local conditions, but in trying to analyze the relative value 
of the process, one must have an economic incentive which 
will act as a yard-stick. Conditions in the United States are 
distinctively different from those in Continental Europe, or 
England, and cause for enthusiasm over there would have no 
foundation here. In Continental Europe, particularly Ger- 
many, the motive is the production of: oil, because it is a 
nation that imports most of the oil it consumes; while in 
England, the use of devolatilized soft coal for house heating 
purposes, plus the value of the oil, is an incentive to perfect 
a process that could be commercially operated. Probably 
more actual research work is being carried on in Germany and 
England than in this country,—or at least it is receiving more 
consideration on the part of coal producers, and capital, and 
governmental departments, in the hope that something of 
economic value may be developed. 

Since the War, practically all development work in the 
United States has been carried on by private parties or 
corporations. One of the great troubles with low-temperature 
distillation methods, up to the present time, has been the high 
capital investment necessary per ton of capacity, particularly 
when a capacity was compared to high-temperature methods, 
such as are practiced in the byproduct coke oven. 

There are several processes, which are more or less familiar 
to students of low-temperature distillation in this country 
because of the publicity that has been given them during the 
development stages. 

Viewing the subject from the oil and fuel standpoint, if 
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the fuel is to be marketed in competition with coal, and the 
manufacturing method discharges it from the retorts in a 
finely divided state, it necessitates briquetting. This adds 
operating charges, probably prohibitive, which will have to 
be absorbed in the selling price. Viewing this type of appara- 
tus and method from the standpoint of complete gasification, 
means that the finely divided coke would have to be con- 
verted into either producer gas or water gas, and in most 
instances would not be suitable fuel for gasification in either 
standard producers or water gas machines, because of the 
operating characteristics of those machines. Therefore, the 
better method of utilizing this finely divided coke would 
seem to be to burn it as soon as it is produced, for the genera- 
tion of steam for power. 

In those processes and apparatus which produce a large- 
sized coke structure, two difficulties present themselves. 
One is that generally the coke structure is very soft, and will 
not stand transportation to the ultimate market. This is 
particularly true of the domestic market, in which coke 
requires handling many times before it is at the point of con- 
sumption. This, of course, excepts the briquetting method. 
The other is the high capital cost per ton of capacity. 

When viewed from the gas-maker’s standpoint, if the 
method used produces a coke structure that would be avail- 
able for either producer or water gas machines, a large yield 
of low-heat value gas will result. 

Complete gasification of a good grade of bituminous coal 
will give from 45,000 to 50,000 cubic feet of 370 to 385 B.T.U. 
gas per ton. While this gas is satisfactory for industrial 
applications, it is too low in heat value to be distributed in 
existing pipe lines for consumption either industrially or 
domestically. This adds the feature of enriching the gas to 
the requirements of whatever locality the plant is to be 
operated in, and a further cost must be added to the finished 
product to bring about the enrichment by carburized water 
gas, or by standard water gas method. 

Considerable progress has been made in the production of 
commercial and industrial gas by the use of bituminous coal 
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in water gas machines. A large yield of water gas having a 
heating value of 310 to 320 B.T.U. can be obtained by this 
method, and it is questionable, particularly in small plants, 
whether low-temperature distillation, in combination with 
water gas machines using the residual coke, can manufacture 
gas any cheaper than is being done at the present time. 

The above indicates that it is going to be necessary to have 
developments in auxiliary or allied industries to compensate 
for the short-comings of low-temperature distillation in 
order to make it succeed. One requirement would be the 
development of a cheaper method of enriching gas, to raise 
the heat value from the low-temperature distillation, and 
gasification of the resultant coke. The other would be to get 
large capacity at low capital investment of the low-tempera- 
ture distillation part of the practice, so that the generator 
fuel would be produced cheaper than it is now obtainable. 

However, the discovery of a method of producing cheap 
enriching gas is going to be equally beneficial to the gas 
industry, as it is now being practiced. All it would involve 
would be the elimination of the carburettors from the genera- 
tor sets, and mixing, at some point, the enriching gas. 

The above conclusions would not necessarily hold true 
where low-heat value gas could be used, such as metallurgical 
and industrial plants. Complete gasification is now being 
practiced in these plants by the use of the well-known coal 
gas producers. 

It will be very difficult to economically practice low- 
temperature carbonization in small installations. Therefore 
it would appear that it will only be at the large scale metal- 
lurgical operations, where large enough installations can be 
made to get economical operating costs. As the market for 
the large plant is limited, and the smaller type of plant would 
be too costly as compared to present methods of taking care 
of these problems, we are led to believe from what is known 
at the present time, that much more development work will 
be necessary, in order to show the value of low-temperature 
distillation of coal in America. 

Much interest is being displayed throughout the world in 
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the operating results that will be obtained from the large 
plant now being constructed in Germany to utilize the 
Bergius process, this process being one whereby the coal is 
converted into oil by hydrogenation, when brought into 
contact with hydrogen gas at relatively high pressures and 
temperatures. If this process is developed to a point where 
oil can be produced on an economical cost basis, it may 
develop that it will be cheaper and better to convert the coal 
into oil, and in turn make oil gas, than it will to practice the 
low-temperature distillation method. 

In view of the fact that a ready market must be obtainable 
for the byproduct fuel produced by the method, another 
factor has developed in domestic heating which contributes 
great resistance to the low-temperature type of coke fuel, 
moving in its normal market. This is the automatic oil heating 
which is constantly becoming more popular, and with the 
cheap oils and the cleanliness of this method of producing heat — 
for the home, and the automatic feature, it offers many 
benefits that cannot be expected from the use of low-tempera- 
ture coal. 

All development work that has been, and is being, carried 
on naturally will be of material benefit in the future. It will 
show the way to the solution of the fuel problems that we 
must face in the future; and while the immediate develop- 
ment work probably will show no commercial profit for some 
time, when the day does come to meet new conditions, neces- 
sitated by the decline in the supply of fuel oil and the exhaus- 
tion of the anthracite coal reserve, sufficient knowledge will 
be at hand to successfully obtain substitutes, and the possi- 
bility of low-temperature methods being valuable, will show — 
at that time. 

BLAST FURNACE 

The principal feature of the modern blast furnace is 
its large production of pig iron as compared with former 
operation. 

It is interesting to note the tons of iron produced per 
furnace per day at most plants in 1927 is practically twice as 
great as in 1902. 
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Most of this increased capacity is ascribed to the greater 
diameter hearths now in vogue, up to 22 feet 3 inches, as 
against 13 to 16 feet in earlier years, and to the blast furnace 
lines in general. Against this, however, is the practice at cer- 
tain European blast furnaces with much smaller hearths, in 
some cases 14 feet and 16 feet in diameter, where the produc- 
tion is as great as, or greater than, our large hearth furnaces, 
viz., 600 and 700 tons per day. 

It is difficult to draw an exact comparison on account of 
the differences in raw materials and operating conditions. 
We have no doubt that one reason for the large production of 
these European furnaces referred to, is due to their practice 
of conditioning the ore and coke, by sizing, and also by sinter- 
ing the flue dust and certain proportions of the fine ore. 

One of the outstanding problems under continual study 
by the steel industry pertaining to blast furnace operation is 
this problem of sintering or briquetting of flue dust, and also 
of fine ores, and their economy as compared with using these 
materials unconditioned. 

Other technological studies continually in process are the 
various methods of removing dust from blast furnace gas, 
the relative merits of dry cleaning with retention of the sen- 
sible heat, as contrasted with washing the gas and conse- 
quent loss of this sensible heat. Each. method, and the 
various systems of each method, have advocates with sub- 
stantial and plausible reasons, and he would be a wise man 
who could definitely prove that any certain method or system 
is the best under average operating conditions. 

Other studies being accorded attention are: The very 
important regulation of blast furnace operation with the 
object of most efficient coke consumption with maximum 
amount of pig iron production, involving the auxiliary 
equipment necessary to properly charge the furnaces; the 
most efficient combustion of blast furnace gas in hot blast 
stoves and under boilers; the utilization of the heat of the 
exhaust gases from gas engines; the recovery of potash from 
the flue dust of blast furnaces using certain ores containing 
potash; the selection of the most suitable refractory materials 
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for lining the blast furnace hearth, bosh, stack, and stock 
line; the possibilities of profitable enrichment of the air blast 
with oxygen; the handling of slag to the best advantage of 
the cement plant. 

The metallurgy of the blast furnace process is pretty 
thoroughly understood so far as the reduction of the iron and 
the metalloids is concerned. 

The effect upon the resultant steel of these impurities and 
the process of their removal, is probably not so well known or 
known at all. The ordinary impurities in blast furnace iron 
are carbon, phosphorus, sulphur, and silicon: manganese is 
also contained but cannot be classed as an impurity. The 
various combinations, however, in which these impurities 
exist, and their effect upon the resultant steel, are not usually 
recognized as a factor. 

A less-known impurity is nitrogen, introduced into the 
iron at the high temperatures existing in the blast f urnace, and 
this impurity, at least in some of the forms in which it is 
known to exist, cannot be separated from the iron, and 
remains in the steel whether converted by the bessemer, 
open-hearth or electric furnace process. Metallurgists and 
chemists are constantly working in endeavors to isolate these 
nitrogen inclusions and the forms in which they exist, after 
which the effect they have upon steel can be more readily 
determined. 

This question of impurities in blast furnace iron brings us 
to the subject of the quality of iron made by the direct reduc- 
tion of iron from its ores at low temperatures, resulting in a 
reduced iron product, which is free from such impurities 
including carbon, silicon, and also phosphorus and sulphur, 
when not inherently chemically combined with the iron, and 
above all free from nitrogen. A plant to demonstrate this 
question is now being constructed in this country on a suffi- 
ciently large scale to commercially demonstrate the various 
points involved. In the meantime there is evidence that the 
theories of improved quality which have been advanced for 
this process are sound. 
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Tue UTIizATION oF BLAST FURNACE SLAG 


We cannot dismiss the blast furnace without reference to 
its important byproduct, slag, which was formerly a waste 
product, except for road ballasting and other secondary pur- 
poses. About 1893, investigations and studies made by a 
chemist in the Chicago District resulted in it being demon- 
strated that this slag could be substituted without detriment 
for some of the natural clays then used in the mixture for 
the manufacture of portland cement. Similar investigations 
along the same lines were being made independently and 
simultaneously in Germany. These were followed by semi- 
large-scale production tests, and exhaustive building service 
tests, which placed blast furnace slag, within a few years, in 
the front ranks as an economical and satisfactory ingredient 
in cement manufacture. 

Since that time its use in this application. has been exten- 
sive and for the year 1926, an important steel interest pro- 
duced 14,526,000 barrels of cement, in the manufacture of 
which was consumed well over a million tons of blast furnace 
slag. 

The slag entering into cement manufacture is granulated 
as it issues from the blast furnaces by bringing the molten 
slag into contact with water in various ways. The resultant 
granulated slag is high in water contents, which adds charges, 
in the freight carriage and further costs for its elimination by 
drying at the cement plants. Our technological studies 
include the adaption of a dry process for granulation which 
eliminates the water factor, and at the same time renders the 
slag more suitable in physical qualities for cement manu- 
facture. 

Some other technical problems entering into cement manu- 
facture are: 

Water-cement Ratio.—The portland cement industry, 
through its Structural Materials Research Laboratory, after 
very exhaustive tests, reached the conclusion that the 
strength of concrete was dependent on the amount of water 
used with the cement; that other factors were relatively 
unimportant, the strength being increased as the water was 
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decreased, the limitation however being that the quantity, 
size, and grading of the aggregates must be such that the mix 
is a ‘‘workable mix.”” This has enabled the industry to 
announce to the cement user that in executing work where 
time is important he can by reducing the amount of water, 
increasing the amount of cement, and increasing the period 
of mixing of the concrete, obtain strength in three days about 
equal to that obtained with ordinary methods in twenty- 
eight days. This result is obtained by using standard, not 
special, cement. 

Petrography and Portland Cement Manufacture.—Cement 
manufacture is basically a chemical process. Chemical con- 
trol is required at every step in the process of manufacture. 
However, there is much valuable and desirable information 
with respect to cement that cannot be obtained by either 
chemical analysis or physical test. Cement consists essen- 
tially of oxides of calcium, silicon, and aluminum. Amounts 
of these oxides present in a sample can be determined chemi- 
cally, but they form a series of compounds, on the relative 
proportions of which depends the quality of the cement. 
These compounds cannot be determined by chemical analysis 
and petrographic and X-ray methods have been called into 
service, as they have in metallurgical processes. 

In the cement industry, X-ray methods are at present 
adapted only to research. The same was true of petrography 
until recently. The methods were not suitable for plant use. 
Samples required too long for preparation, and were not 
sufficiently representative of the material to be examined. 
However, during the last two or three years, laboratory 
methods have been developed which have made the petro- 
graphic microscope a very practical and much-used instru- 
ment. Thousands of samples of raw materials, intermediates, 
and finished product have been examined. Its most impor- 
‘tant use is in determining the degree of burning which cement 
clinker has received. 

In connection with cement manufacture, the microscope 
has many uses. It reveals information not obtainable by 
chemical means. In some cases results are more accurate than 
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chemical analyses, and often more rapid, and cheaper in labor 
and materials. Microscopic methods are often used in veri- 
fying chemical results. 

Fineness—The demand for cement of higher and higher 
quality has resulted in extensive tests to determine all of the 
factors influencing the strength of portland cement. One of 
these factors is fineness. The standard specifications limit 
the residue on a sieve having 200 meshes per lineal inch to 
22 per cent. A test for fineness on a 200 sieve gives no indi- 
cation of the fineness of that portion of the cement which 
passes through this sieve. An air analyzer was designed and 
constructed, enabling the separation of the cement which 
passes a 200-mesh sieve into four fractions, the finest having 
a separation size of 8.9 microns, or one that compares with 
particles that will pass through a sieve having 2200 meshes 
per lineal inch. 

Volume Change.—Volume change in concrete is a problem 
still to be solved, on which technological work is continuing 
with a view of ascertaining definitely the effect of amount of 
mixing water, humidity, curing, fineness, chemical composi- 
tion, treatment of clinker, aging of cement and clinker, and 
the variation of volume change in the daily product. 

Blast Furnace Slag as a Possible Source of Aluminum.— 
All blast furnace slags contain varying amounts of alumina, 
and the subject of its economical extraction as a source of 
aluminum, has received, and continues to receive, very con- 
siderable study and experimentation. The results so far have 
been negative, but this field remains as a potential source of 
alumina, suitable for reduction to aluminum. 


OPEN-HEARTH FURNACE PRACTICE 
FURNACE CONSTRUCTION AND DrEsIGN 

In the field of furnace construction and design, the trend 
has been towards refinement of existing furnace types, rather 
than any marked departure. In certain districts especially 
favored by a permanency of fuels, the developments in furnace 
design have been noteworthy. 

Among the outstanding features have been the venturi or 
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modified venturi furnace, the sloping back wall, the use of 
suspended roofs, and the installation of notably large-sized 
stationary basic open-hearth furnaces at some plants. 

The so-called venturi furnace derives its name from the 
venturi principle. The desire for a much higher velocity of 
incoming air in the port was the essential cause for the adop-. 
tion of this principle. It provides full opportunity for the 
moving column of producer gas to properly use this momen- 
tum in aspirating air and properly enveloping itself with this 
air for combustion. The result has been accomplished by 
shortening the gas port, lowering the roof knuckle and pro- 
viding wing walls in front of the gas port. A restricted area 
is thus made which acts like a mixing chamber, wherein the 
gas and air are thoroughly mixed before entering the melting 
chamber. It has resulted in more rapid: combustion, with a 
higher flame temperature and better concentration of the 
flame on the furnace charge. The easy flow lines help to 
exhaust the waste gases through the restricted passage, with- 
out building up pressure in the furnace. The venturi design 
furnace, for producer gas, has shown very favorable per- 
formances in tonnage, fuel and general costs, together with a 
decided improvement in life of these furnaces. One plant, 
for example, has operated consistently with an average of 
close to 400 heats per furnace campaign, with an occasional 
front wall and roof patch, end walls being replaced after 200 
or more heats. Several plants operating with no week-end 
shut-downs maintain a production over long periods, with a 
consumption of approximately 440 to 475 pounds of coal per 
ton of ingots. For coke oven gas, the furnace port lines closely 
resemble the choke port of natural gas furnaces, while the 
inherent principles of the venturi furnace have still been 
followed to advantage. A modified venturi type has been 
successfully used with tar as a fuel. The severe action of tar 
on outgoing ends is overcome to some extent by providing an 
outgoing channel with wing walls, while the low opening or 
choke neck has been found conducive to good combustion. 

The sloping back wall has been one of the outstanding 
improvements in recent years, as indicated by its wide adop- 
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tion. The back wall is a continuation of the furnace bottom, 
sloping upwards and outwards. Itisaccomplished by bending 
the buckstays at an angle at approximately the slag line. 
The angle of repose sought is usually about 50 degrees, which 
has been found to be best for loose dolomite. Any large 
difference in this angle seriously reduces the advantages that 
should obtain. The sloping back wall is built up on steel 
plates, laid on the slope made by the upwardly bent buck- 
stays. This can be built of fireclay brick, eliminating the use 
of magnesite brick, chrome or other expensive refractories. 
Ground magnesite and tar, ground chrome ore mixed with 
cement and water or tar, or other combinations are then laid 
up, which prevent serious fritting of the clay brick before an 
adequate layer of grain magnesite is sintered on. The dolo- 
mite is added last. Naturally, the back wall is maintained 
by additions of dolomite, and occasionally ground chrome 
ore. The outwardly bent position of the buckstay means a 
lowering of the rear skewback from 6 to 10 inches, to take 
care of the increase in width of roof arch. It has been found 
that back wall repairs are eliminated entirely, which in most 
plants means at least a saving of three back walls per 300 
heat campaign, involving a saving in fuel, and an increase in 
tonnage per unit of time, with resultant decrease in costs. 
Another noteworthy feature is that, where plants are operat- 
ing intermittently, there ordinarily occurs frequent back wall 
replacement, due to crumbling in these rapid cooling and 
heating periods. This is entirely avoided by the use of sloping 
back walls. Moreover, the ordinary vertical back wall, 
usually composed of silica brick, produces considerable ero- 
sion of the banks due to the wash of silica off the brick. This 
is eliminated in the sloping back wall, with a tendency to less 
bottom trouble, less breakouts, and a saving in dolomite. 
Because of the relatively large thickness of this type of back 
wall, heat losses through radiation are largely prevented. 
In several plants, after a run of two years on these back walls, 
there was found to be no impairment in their utility. Work- 
ing conditions are naturally improved, since the men working 
around the rear of the furnaces do not have to contend with 
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the intense heat of thin back walls. Due to a lack of room 
between back wall and building columns in older plants, the 
full advantage of sloping back walls cannot be gained, since 
the buckstays can only be bent from 12 to 15 inches. Com- 
promises in so building back walls with less than 45 to 50 
degrees from the vertical, reduce the advantages over ordi- 
nary back walls, but the lower half of the back wall can be 
protected in any case. 

During the past year or more, several plants have installed 
suspended roofs, both flat and arch type. These roofs are 
usually made of special silica shapes, hung on their cool side 
by an exterior support, which is, in turn, vertically carried 
from channels spanning the furnaces. Expansion and con- 
traction is provided for by means of compression springs 
placed between buckstays. The original claims made for 
~ these furnaces were that they would enable operators to make 
hot patches with little or no difficulty, and involving only 
that section of the roof worn. Another claim was that there 
would be no danger of a roof caving in on a heat when it was 
worn thin, since the pressure and weight carried by the ordi- 
nary sprung roof would not exist in this suspended type. 
Moreover, with the use of this type roof, it was hoped that 
spalling might be entirely eliminated. The results obtained 
from several plants have been fairly promising. It is reported 
that one roof in question lasted slightly over 400 heats, while 
another lasted 360 heats, under severe conditions. In both 
cases, this was a considerable improvement over the life of 
roof ordinarily obtained. A fuel reduction resulted with a 
slightly increased speed in furnace production. Spalling of 
brick was somewhat reduced, at least that part caused by 
pressure between bricks. In hot patching no advantage 
resulted, since more than the worn sections were involved by 
the fusing of the brick. On large repairs, where cooling of 
furnace was necessary, a considerable amount of roof patch 
was permissible without injury to the rest of the roof. The 
expected trial of this type of roof by several others will help 
to draw more certain conclusions as to the possible future 
value of such roof designs in open-hearth practice. 
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During the past few years, there has been a trend towards 
an increase of present open-hearth furnace capacity by pro- 
ducing larger sized heats on existing furnaces, and by the 
installation of large sized stationary open-hearth furnaces. 
The experience of those who have gone to larger heats indi- 
cates that there is no appreciable difference in quality of steel 
produced on large furnaces, as compared to small ones. 
With refinement in operations, and improvement in combus- 
tion and mechanical facilities, operators have taken advan- 
tage of large bath areas and increased the charge. The 
results obtained have been uniformly successful. Apart 
from certain exceptional cases, where lack of sufficient regen- 
erative capacity makes such changes inadvisable, charging 
conditions and pouring facilities have limited maximum 
production on existing furnaces. It is obvious that where 
charging delays occur today, no great benefit would accrue 
to a plant in merely increasing the size of the charge. By the 
same token, if ladle and crane capacity are limited, large bath 
areas are of no particular value. Therefore, in many cases, 
to increase tonnage and achieve operating economies, has 
meant the installation of adequate charging or pouring 
facilities, or both. In some few cases, this step had originally 
been taken with favorable results, and a step further was 
made by increasing the bath area. This was accomplished by 
lengthening, or in some cases, also widening furnace hearths. 
However, such a procedure is not always advisable, because 
the returns may be quite small, depending on the extent of 
the increase in size of heats tapped. The economies expected 
from changes of this nature can be very closely approximated. 
Perhaps more than any other single condition, charging 
facilities determine efficiency in open-hearth operations and 
no doubt the experience of open-hearths during the past years 
will result in an improvement in this direction. 

There is a great difference in the respective sized heats for 
furnaces with approximately the same bath area, even when 
all except physical conditions are practically the same. In 
the following table, five plants are shown for which approxi- 
mately the same hot metal charge exists, that is, 50 to 55 per 
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cent. Modern good practice has indicated that for hot metal 
charges of this type, from 5 to 6 square feet of hearth area 
is ample per ton of ingots tapped, bearing in mind relative 
hearth depths. At plant No. 1, inadequate charging facili- 
ties, combined with small cranes and ladles, make it impossi- 
ble for this plant to take advantage of its relatively large bath 
area. In this case, the bath is considerably shallower than in 
the other four plants shown. At plant No. 2, charging facili- 
ties are good, but ladle and crane facilities are inadequate. 
At plant No. 3, both charging and pouring conditions are 


* excellent for the production of maximum sized heats. At 


plant No. 4 the same obtains. At plant No. 5, merely large 
cranes and ladles are necessary, with a minor improvement in 
charging conditions, to obtain heats proportionate to the size 
of their bath area. For plants Nos. 1 and 2, close to 75 tons 
could be tapped, provided the additional scrap required in 
such larger charges would not be inferior to that now being 
used. If such should not obtain, then the charging delays 
which would ensue would naturally deprive these plants of a 
large part of the benefits which should accrue to them, when 
going to larger heats. Similarly, plant No. 5 could tap from 
105 to 110 ton heats to good advantage. 


No.1 No.2 No.3 No.4 No.5 


Furnace hearth area (square feet).........-..- 448 448 424 515 610 
Size of heat tapped (grosstons)..........-... Gann Op 80) 00 Bn OD 
Square feet hearth area perton..............- 7.11 6.89 5.30 5.61 6.32 


The average square feet of hearth area can, therefore, 
closely indicate whether a plant is utilizing its furnace 
capacity to best advantage, bearing in mind that depth of 
bath must also be considered, as well as type of scrap, per- 
centage of hot metal, fuels, and other qualifying factors. For 
plants operating under practically the same conditions, a 
good check on the relative efficiency can be made by a com- 
parison of tons produced per hour per thousand square feet 
of hearth area. Today, this figure varies from 12 to 20 tons 
at plants operating on such hot metal charges as indicated. 

An interesting development has taken place in the use of 
large tilting furnaces for high scrap charges. It has been 

18 
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found that these large tilting furnaces are advantageous in 
taking care of peak production by duplexing; or in large scrap 
charges, when high production is not necessary. ‘The true 
advantage of these large furnaces in using high scrap charges 
lies not so much in the lower labor costs that might obtain, 
but in the ability to advantageously take high scrap charges 
in quantity and quality, which could not be used to advan- 
tage on smaller stationary furnaces. There is an added 
advantage, when such furnaces exist in a plant where there 
are smaller stationary furnaces, in that with the use of such 
scrap for these large furnaces, the scrap and metal charges 
for the whole plant are better balanced. 

There has been another step towards greater tonnages in 
the recent installation of large stationary basic open-hearth 
furnaces. In one case it has meant the installation of furnaces 
tapping 140 tons, with a hearth area of 732 square feet, or a 
very acceptable figure of 5.23 square feet hearth area per ton 
of ingots tapped. The measurements of the hearth in this 
case are length 48 feet and width 15 feet, 3 inches. This plant 
operates with approximately 50 per cent. pig charge. Another 
plant has built stationary basic open-hearth furnaces tapping 
250 ton heats into.two ladles, by means of a bifurcated spout. 
The measurements of the hearth in this latter case are, length 
43 feet and width 16 feet, giving a hearth area of 688 square 
feet. The bath depth is 37 inches. These furnaces are operat- 
ing on high scrap charges. In both the installations men- 
tioned, there has apparently been no appreciable difference 
in quality of steel produced, compared with smaller furnaces. 
There have been, in both cases, the usual labor savings 
expected, but in neither case have operations gone long 
enough to clearly indicate the value of these exceptionally 
large stationary furnaces over smaller ones of 100 tons and 
under. Greater increases in furnace hearth lengths, say of 50 
feet or more, may produce a problem in the matter of bottom 
trouble near port ends, in that with the relatively large dis- 
tances from tap holes, the draining of such holes may become 
a difficult, as well as an expensive, procedure. 
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CHANGES IN FUELS ror MELTING IN OPEN-HEARTH 
FURNACES 

One of the more important changes in open-hearth prac- 
tice has been the general increase in use of tar and coke oven 
gas, replacing producer gas and natural gas. The following 
figures show the proportion of total open-hearth steel ingots 
and castings made by an important steel interest for the 
years 1920, 1923, and 1926, according to the kind of fuel used 
in melting. The amount of castings involved does not in any 
way change the proportions furnished. 


OPEN-HEARTH STEEL INGOTS AND Castings MapE IN THE YEARS 1920, 1923 
AND 1926, SHow1NeG Proportion or Tora, TONNAGE MADE Accorp- 


ING TO Kinp oF Mettine Furi Usep 
Year Year Year 
1926 1923 1920 


Fuel Used Per Per Per 

4 cent. cent, cent 

Eee eh ee ar ee ie ee eee 40.6 445 50.1 
LL NES 2 a On a aaa wae 10.6 Gil aera 
Leeann Cit Alorigs 1.4 Bes) Jin als 
1 EE Ee tale een Ont e eee ne ann eae Qi 3.9 5.6 
Papi e FR MIOEE oll te nln ba cc tee a 4.9 5.3 
Pommeron Gant alones. hy ee. Nay aor 5} 
Coke oven gasand naturalgas..................... 1 3bl LOA cee VIES 
Coke oven gas, tarandfueloil..................... 3.9 Gxt oars 
moneuven Sarand tar. . 2850. ioe bs. se he oe LG:25 24:3) 923:5 
Coke oven gas, natural gas, tarandfueloil........... 6.2 Doe ae 
Reve MeL SUN RF ne art) een ae remedies aha! 
Blast furnace gas, fuel oilandtar................... = 1.2 aot 
PL OLE een eters cyte ee ret ere 100.0 100.0 100.0 


To some extent these figures indicate the general trend 
throughout the steel industry. There has been a drop of 
approximately 10 per cent. in the use of producer gas, 
and an increase of a like amount in the use of tar alone, as 
a melting fuel. 

For a few years prior to 1920, powdered coal was used, 
particularly in the Pittsburgh District, replacing natural gas 
during the winter months, when low pressure and public 
utility needs made the latter fuel unavailable. 

In the item of coke oven gas and natural gas, shown for the 
year 1926 as 13.1 per cent., approximately 60 to 70 per cent. 
of this combination was coke oven gas. 

In the items of coke oven gas and tar, the former fuel 
ordinarily approximated 50 per cent. to 60 per cent. of this 
combination. 
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The two items of coke oven gas, tar and fuel oil, and coke 
oven gas, natural gas, tar and fuel oil are so shown, because 
these fuels were at times used in combination, the proportion 
depending upon the amount of each fuel available. Tar and 
coke oven gas furnished by far the larger part of these 
combinations. 

There were three main fuels used in 1926, namely, pro- 
ducer gas, tar and coke oven gas, with fuel oil used to fill in, 
or in some special cases as the sole fuel. 

Since the year 1923, some experimental work has been 
done on the use of blast furnace gas in combination with fuel 
oil and tar, and blast furnace gas with producer gas, for open- 
hearth melting, and also for use in re-heating furnaces, with 
some degree of success. Blast furnace gas has also been used 
experimentally for blowing gas producers in place of steam. 
While nothing as yet has been done in this country, parallel- 
ing the European practice of utilizing a mixture of coke oven 
gas and blast furnace gas as an open-hearth fuel, there are. 
expectations that the possibilities in this field will be exploited. 

As installations of new byproduct coke ovens are made, a 
larger supply of coke oven gas and tar will become available 
for melting purposes, and will no doubt largely replace some 
of the producer gas and natural gas now being used. 

One steel producer is recovering some of the distillates of 
tar, and using the resultant pitch in combination with fuel 
oils in open-hearth furnaces. ‘ 

In 1920, open-hearth operators did not regard coke oven 
gas, when used alone, as particularly desirable, because of its 
low luminosity. Since that time, the steel industry has made 
considerable progress in its use, a few plants in particular 
having operated very successfully when using only coke oven 
gas. ‘The furnace construction with this fuel is quite simple 
and inexpensive compared to producer gas furnaces. It does, 
however, require some education in its proper use, because of 
its lack of illuminants. One difficulty encountered in many 
plants has been the increase in sulphur contents of the steel, 
due to the sulphur contents of the gas. This can be, and has 
been, avoided by the maintenance of a uniformly fairly low- 
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sulphur iron. Others have found that the use of high-manga- 
nese pig iron will help considerably in controlling the sulphur. 
Still another method of overcoming this trouble, where it 
exists, is the washing of sulphur out of the gas by various 
means. 

When using tar alone as a fuel, the furnace design is 
simple, and considerably cheaper to build than a producer 
gas furnace. Normally, the life of the furnace is much shorter 
than that of a producer gas or natural gas furnace, but 
because of the possible increased driving and larger tonnages 
the cost per ton for repairs and rebuilding is normally lower 
than on producer gas furnaces. Tar has been found to be a 
highly satisfactory fuel, when used alone, or in combination 
with byproduct coke oven gas. 

It is generally acknowledged that for best operation, pro- 
duction, and economy, it is necessary to build a specifically 
designed furnace for a given fuel, and that, as a rule, the 
indiscriminate use of fuels on any type furnace is not efficient. 
However, experience has shown that the use of tar on pro- 
ducer gas furnaces, particularly towards the end of the 
furnace life, has proven quite practicable and efficient. 

There has been a considerable improvement in fuel econ- 
omy in the past six years. Whereas 500 pounds of coal per 
ton of ingots, or its equivalent, for normal hot metal charges 
and ordinary steels, was considered as unusual in 1920, today 
it is generally accepted as marking good practice. Some 
plants that operate straight through, that is without week- 
end shutdowns, have shown a consumption of approximately 
460 pounds of coal per ton of ingots over long periods of time. 
Under favorable conditions, with normal hot metal charges 
32 to 35 gallons of tar per ton of ingots is now regarded as 
good practice. When coke oven gas and tar are used in 
combination, there has been an equivalent B.T.U. consump- 
tion. When using coke oven gas alone, approximately 12,000 
to 13,000 cubic feet of this fuel per ton of ingots have proved 
sufficient under favorable conditions. Plants using fuel oil 
with normal hot metal charges, ordinarily consume 36 to 40 
gallons per ton of ingots. 
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While there has been a notable improvement in fuel con- 
sumption during the periods considered, there is hope that 
similar progress will be made in the next few years. Many 
plants favorably situated in regard to the permanency of their 
fuels, will be enabled to develop a furnace design for a given 
fuel. This condition has not obtained to as great a degree 
in the past as might be desired. Good fuel consumption natu- 
rally depends on a favorable rate of operation, apart from its 
reduction due to refinements in combustion, or furnace design. 


Usr oF WASTE-HEAT BOILERS 


The pioneers in the use of waste-heat boilers at open- 
hearth showed some very favorable results, replacing large 
amounts of coal, that ordinarily would have been used on 
coal-fired boilers for producing equal amounts of steam. 

It is generally appreciated that there is an excess amount 
of heat in waste gases, over and above that necessary for 
preheating air, or producer gas when used, to effect combus- 
tion in an open-hearth furnace. In ordinary open-hearth 
operation it is estimated that the escaping hot gases, after 
giving up some of their heat to the checker chambers, still 
retain the equivalent of 40 per cent. to 50 per cent. of fuel 
originally used per ton of ingots. At the high temperatures 
involved, the escaping gases contain enough heat, if re- 
covered in efficient waste-heat boilers, to equal from 20 per 
cent. to 30 per cent. of the fuel initially used in the produc- 
tion of steel ingots. At some plants, where economizers have 
been installed on waste-heat boilers, a recovery equal to 33 
per cent. of the fuel used per ton of ingots has been achieved. 

Provided a plant is in need of steam, above that afforded 
by the use of blast furnace gas, waste-heat boilers have made 
high returns on investment, where coal is fairly high-priced. 
One of the important determining factors is the price of coal, 
since the cost of operating waste-heat boilers varies but 
slightly in different districts for the same boiler installation. 
However, economies have resulted in installing waste-heat 
boilers where coal, or its equivalent, is relatively low-priced. 
The following illustration indicates the relative credits 
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obtained by open-hearth departments, where high-priced 
steam and coal exist as compared to low prices for same, it 
being assumed that in these two plants all other conditions 
are equal. The consumption of coal is taken at 500 pounds per 
ton of ingots, and with the waste-heat boilers recovering 
25 per cent. of the fuel initially used in the form of steam, 
Where high-priced steam and coal exist, the gasification cost 
per ton of coal is approximated at $1.75 which, when allowing 
for the lower-priced steam in case No. 1, would mean a cost 
of $1.57. The total melting expense, including gasification, 
is 54 cents higher in case No. 2, but because of the much 
larger steam credit, the final melting expense is only 23 cents 
higher than in case No. 1. Inother words, the very high credit 
for waste heat, where the high-priced coal obtains, discounts 
to a large degree a natural advantage that the lower-priced 
coal district would ordinarily enjoy. Where high steam costs 
exist, waste-heat boilers are especially desirable under the 
conditions mentioned, but a considerable saving on open- 
hearth melting expense is also possible where such conditions 
do not obtain. Waste-heat boiler installation is somewhat 
problematical where coal prices are very low. The type of 
fuel used will also determine the amount of steam produced 
per ton of ingots. It has been found that producer gas fur- 
naces give a larger waste-heat credit than those operating with 
such fuels as tar, oil or coke oven gas. While the waste-heat 
boilers may return equivalent proportions of the fuel initially 
used per ton of ingots, the higher temperature and large 
waste-gas volumes with producer gas, permit of much greater 
recovery than other fuels. Coke oven gas returns are con- 
siderably smaller. 

CoMPARISON OF WASTE-HEAT CREDITS FOR DIFFERENT PRICED CoaLs AND 

BHP: 


Case No. 1 Case No. 2 


cice pers tele Arena. scale ch Te for Givwis tk Loheteiaye oF $6.00 $10.50 
Price producer gas coal per grosston.................. 3.75 6.00 
Per ton Ingots: 

RGU ae Oa see mare tees fo) dnc Sans ckgera aise ie 500 500 
TUG COSLME TEER TL soicyoicieick eRe ATI cheer Mea! eit $ .837 $1.339 
raSLGARIOTE COSE Sy Woe irr tac Sic ore das Ween as cs ei hake .350 .390 
Melting expense.............. RES leet RICA nine rd 1.187 1.729 
Cost of operating waste-heat boilers.................. .090 .090 
Gross credit from waste-heat boilers.................. 415 .730 
Net credit from waste-heat boilers................45. .325 .640 


Netineltingexpense su sn ee ess etecins- 2s teas $ .862 $1.089 
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Waste-heat boilers have helped somewhat in maintaining 
production of furnaces near the end of their run. The use of 
forced draught is generally regarded as beneficial in speeding 
up furnace production at this stage, as well as in getting out 
the first heats in a minimum time after lighting up. The use 
of fire-tube or water-tube boilers is largely answered by local 
conditions. 

Some men take the stand that open-hearth furnaces 
equipped with waste-heat boilers are in all respects superior 
in speed to those not so equipped, but this may be qualified 
to the extent that a good waste-heat boiler installation 
requires as complete an insulation as possible. If furnaces not 
so equipped were to maintain the same care in freedom from 
air infiltration, as should obtain in good waste-heat boiler 
operation, it is possible that to some extent this claimed 
advantage would be discounted. The only other influence is 
naturally the use of the fan, which should be of considerable 
assistance, particularly during the first and last part of a 
furnace run. For best operations and maximum credit, air 
infiltration must be avoided. A perceptible infiltration of air 
in waste-heat boiler units cools down the outgoing gases, 
increases their volume, and diminishes the steam output. In 
cases where such a condition is very bad, the net credit can 
become quite negligible. 

While some operators consider that waste-heat boilers 
have proved their case, and have returned a very large saving 
on the investment, others are of the opinion that a more 
intelligent design in regenerative systems would effect a 
direct saving on the fuel consumed, increase production, and 
decrease those items of the cost which are generally affected 
by tonnage. Any change in regenerative systems which 
would assure higher preheat of air would naturally make for 
better combustion, greater speed, more tonnage and less fuel 
consumption. A decrease of 10 per cent. in fuel would nor- 
mally mean a saving of approximately 30 cents per ton of 
ingots for average conditions, when considering the many 
items of cost that are affected by increased tonnage. The 
waste-heat boiler installation does and can make such a net 
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saving, but if the investment cost of such changes in regener- 
ative design is small, this possibility is of considerable 
interest. It is a technological problem which has been ever- 
present in open-hearth operation, and is being afforded seri- 
ous study on the part of the open-hearth men in this field of 
fuel economy. 


METALLURGICAL DEVELOPMENTS 


While there have been no recent startling developments in 
the metallurgical phases of open-hearth operations, steel 
producers have achieved uniform success in meeting the 
increased demands of stee! consumers for products that must 
necessarily be of high quality, in order to withstand the many 
new and severe uses to which these steels are put today as. 
compared with a few years ago. Investigations by prominent 
men, of the economical and metallurgical significance of 
metalloids in open-hearth practice, have added to the knowl- 
edge of steel makers and furnished them with a clearer under- 
standing of open-hearth furnace reactions. Metallurgists, 
physicists and chemists are naturally continually working 
towards improvement in quality of steels. The development 
of the alloy steel trade represents part of the technological 
work done by this group of men, and the results, as usual, are 
not known, until the subject under study has been carried to 
a conclusion. One phase of this work, in which no impressive 
results have been obtained as yet, has been in the physical 
chemistry of steel making. However, the United States 
Bureau of Mines has initiated a comprehensive program on 
the subject of non-metallic inclusions, from which it is hoped 
more definite knowledge will be obtained. 

That open-hearth operators are fully aware of the exact- 
ing uses for certain steels is indicated by the many individual, 
as well as concerted, technical studies being made. 

The use of high-manganese pig iron is held by some to 
have aided in improving the steel quality. Some operators 
have sought to achieve the same ends by the use of various 
deoxidizers or scavengers. In order to obtain sounder ingots 
and better quality steel, some have gone to the use of various 


282 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


pouring devices, such as box, basket, or hot tops, and others 
to bottom pouring. 

The usual procedure of top pouring also continues to 
receive great study, particularly with respect to tempera- 
ture, and speed of pouring, and consequently the size of 
nozzles. 

A development of interest has been the wider use of 
rimmed steels. Rimmed steel, commonly known as efferves- 
cent steel, has been found to be particularly useful and desir- 
able in certain steels such as plates, sheets and strips, when 
used for deep flanging and stamping, or for welding mechani- 
cally asin lap mills. In some types of structural steels and 
wire products, rimmed steel has also found an application, 
and to some extent in seamless tubing. It is generally claimed 
that these steels have higher ductility, are cleaner and have 
superior surfaces. There is an absence of piping in such 
ingots, but, as a rule, pronounced segregation. Because of 
this feature, and a tendency to laminations, some opinions 
lean to allowing a 5 per cent. extra discard in making these 
steels. 

The theory of rimmed steels is, briefly, that when such 
steels are properly made there is a large amount of carbon 
monoxide formed. When this steel is poured into molds, 
there is an evolution of gases, which, in their escape from the 
steel, cleanse the steel of impurities in their upward progress. 
Some hold that the actual elimination of carbon monoxide is 
the sole purpose of rimmed steel, while others are of the 
opinion that the carbon monoxide carries with it other gases 
such as hydrogen and nitrogen, or other non-metallic impuri- 
ties. Ample amounts of carbon monoxide must be in the 
metal to give the proper action. The lower carbon ranges 
constitute, as a rule, the best opportunities for rimmed steel, 
since the lower the carbon content of the bath, the greater 
the amount of carbon monoxide existing. It has been found 
that pig iron charges of approximately 40 per cent. of low 
silicon iron and fairly low-manganese content of about 1.5 per 
cent or under, with clean scrap, are most desirable in the 
manufacture of rimmed steel. The use of heavy additions of 
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manganese in the bath for deoxidizing or ferrosilicon in the 
furnace or ladle for the same purpose, very seriously interfere 
with the rate of effervescence, which is vital to the proper 
evolution of gas bubbles. Low-manganese residuals are 
desirable. Some plants for example, in checking the proper 
production of rimmed steel, note the condition of the ingot 
after approximately 90 per cent. is poured. If it starts to rise, 
they absorb the excess volume with shot aluminum, and 
watch the ingot so that it neither rises nor sinks after this 
_ 90 per cent. is poured. The rising indicates too little gas, or 
the presence of too much deoxidizer, limiting the amounts of 
carbon monoxide formed, while sinking shows too much gas. 
Ordinarily from 2 to 5 ounces of aluminum are used per ton of 
ingots, and it is better if conditions favor the use of none. 


Usre or HIGH-MANGANESE Pig IRon 


Another development of considerable promise has been 
the use of high-manganese pig iron in basic open-hearth 
practice. While in some districts this is regarded as an iron 
containing 1.75 to 2.00 per cent. manganese, for the purpose 
of this discussion, manganese from 1.50 to 2.00 per cent. will 
be considered. 

High-manganese pig iron is normally produced with some 
manganese-bearing ores in the charge. Another method 
commonly practiced is to use open-hearth slag in conjunction 
with these ores. Still another method, though limited to 
special conditions, is the production of high-manganese iron 
using only open-hearth slag as the manganese-bearing agency. 
It has been found that the production of high-manganese pig 
iron normally results in less variations in silicon and sulphur 
content, avoiding excessive peaks and usually producing a 
silicon of .80 per cent. to 1.20 per cent. and sulphur under 
.045 per cent. A typical blast furnace burden is furnished, 
showing a combination of manganiferous ores and open- 
hearth slag to produce pig iron of the approximate following 
analysis: silicon, .90; sulphur, .035; phosphorus, .18; 
manganese, 1.75. The sulphur in steel produced from this 
iron, when using producer gas, averaged .030. 
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Buiast Furnace BurDEN 


Pounds Per cent. 
Type X O@e, 55 asie stot cio Ce leds aieioley ee octet erent tes 21,050 56.51 
Typei2X OXG\ ahiaie winarsisie pels eee eke eee 13,800 37.05 
GNGANIMETOUSOLG, 2 «vices eae wile alee oie eee eee 2,400 6.44 
Total Ore Soiiy 5 svcchiors kb Ce tees OE ee 37,250 100.00 
Blwerdust 23, ccs wove ioe 2 era cenie ne itee sista nee 3,650 
Open-hearth' slag ih :.< Wess hassles so es pe ee ER 1,700* 
Mixed OVO Gee Sade s a binee & trae poh a che Seed onare nach Sie eaae ees 500 
Mill cinders. = osc. s\c nae ace re Se en te a net ree ee 800 
‘Total miscellaneous material. :....e.-4> +a eee tas 6,650 
Total iron-bearing constituents...........:........-- 43, 
Coke Ay? > See i ae eeeeee t ee 8,500 
Cloke Bayi cob sins pietaa ore eke cheat ee eee 8,500 
Limestone stan fale se ee eee eee 6,700 


* Broken to under 6” in size. 


ANALYSIS OF BURDEN MarTeriats Usep (NATURAL) 
Fe Phos. Mn SiOz AlkOs; CaO MgO 
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ype eo OTe scence acres 48.11 .059 .69 11.20 2.01 ol, “12 
Manganiferousore........... 35.92 .237 8.56 6.83 3.06 1.04 .27 
Blue duste., ketene ee ee 45.50 .052 .48 °8.55 1.68 1.34 .30 
Open-hearth slag............ 16.63 .590 7.88 16.72 3.52 38.87 7.60 
Mixedore, wen octet nae end 52.32 .067 .61 5.03 2.00 25: “12 
Mill cinderica See vec eae 61.26, ..034. 0 .-535 11219 IS a 


In some quarters it is claimed that blast furnaces work to 
advantage when producing such pig iron, the percentage of off- 
grade iron produced being comparatively low. It is claimed 
that the iron is uniform, high in quality and physically hot. 
At the same time, maximum tonnages and low coke consump- 
tion prevail. The use of a pig iron with limited variations in 
silicon is of considerable value to open-hearth operators, 
since the limestone charges can be closely gauged, instead of 
liming all heats for intermittent high-silicon casts. In some 
cases it has meant a reduction of limestone and of fluorspar, 
smaller slag volumes, with lower iron losses per ton of ingots, 
a decrease in fuel, and general economies in other costs 
obtained through increased production. In addition to this, 
the higher residual manganese has made it possible to make 
savings in manganese additions. Normally, a 1 per cent. 
manganese iron should yield a residual of .12 to .15; an iron 
containing manganese of 1.5 per cent. should give a residual 
of approximately .15 to .20; while an iron containing 2.0 per 
cent. manganese should yield a residual of approximately .23 


: 
: 
; 
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to .25. The higher residual with high-manganese pig iron 
means a saving of approximately 1 to 3 pounds of pure 
manganese per ton of ingots, over and above that when 
using a low-manganese iron. Furthermore, another economy 
results in that with normal 50 to 60 per cent. pig iron charges, 
the slag volume per ton of ingots will be approximately 15 
per cent. and the average iron content in the slag will be 15 
per cent. or higher. There is, therefore, a loss of approxi- 
mately 2.2 per cent. of iron (Fe, chemically combined) per 
ton of ingots, which difference in yield makes a considerable 
difference in the open-hearth conversion cost. The recovery 
of some or large part of this in the blast furnaces furnishes 
the open-hearth department with a scrap credit instead of a 
complete loss. 

In addition to the economic advantages claimed, it is 
pretty well definitely established that the use of high-manga- 
nese pig iron makes for smoother and better open-hearth 
operations. The manganese, moreover, acts beneficially in 
deoxidizing the bath of steel, improving its quality. The 
slag being more fluid, heats are shaped up more readily, and 
the sulphur contents of steel, so made, are normally lower. At 
some plants the average reduction in sulphur contents of the 
steel, directly attributed to high-manganese iron, is 12 to 15 
per cent. In addition to the benefits enumerated, the use of 
high-manganese pig iron in the open-hearth has in some cases 
resulted in a better yield and quality of finished products. In 
these cases less surface defects were encountered, the steel 
was more uniform in tensile strength, had greater ductility, 
and the percentage of rejections was somewhat lower, with a 
correspondingly higher percentage of shipped product. 

It has been demonstrated that in certain districts and for 
certain purposes, it is quite possible to produce iron contain- 
ing approximately 2 per cent. of manganese, utilizing only 
open-hearth slag in blast furnaces as the manganese-bearing 
material. The resultant product compared favorably with 
other high-manganese iron, excepting that the phosphorus 
content is higher. However, where there is no need for 
recarburizing metal, this presents no serious difficulty. The 
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general use of open-hearth slags in blast furnaces, for the 
purpose of increasing manganese content of pig iron, indi- 
cates that the steel industry regards such a procedure as 
generally economical and beneficial. 

In conclusion, with respect to high-manganese pig iron, we 
consider prevention is better than cure. You can cure, per- 
haps, in some cases, the results of bad. practice in introduc- 
ing oxygen and oxides into the metal in order to burn out the 
impurities: fo wit, carbon, silicon, phosphorus, and then take 
up the surplus oxygen with manganese, but with residual 
manganese in the bath, you prevent the formation of these 
oxides and therefore require no cure for the disease. Is it not 
logical to assume that the steel manufactured from material 
which automatically produces no oxides, due to the presence 
of residual manganese, is superior to steel into which oxides 
have been introduced and later removed by manganese 
additions? 

It is well recognized that a large amount of the trouble 
experienced in obtaining high quality steel is due to the 
presence of oxides in some form or other, and that, as a 
general rule, the lower the oxides in the finished steel, the 
better the product. 


REcoveRY OF HiGH-PHOSPHORUS FERTILIZER SLAG 


A very interesting development, or series of developments, 
due to the application of technological study, is the recovery 
in the open-hearth process of high-phosphorus slag suitable 
for fertilizer purposes. As is well known, this is accomplished 
at a southern plant. While this process is now well known and 
established, it is interesting to note the amount of work 
involved to bring it to its present successful stage. 

With the use of high-phosphorus pig iron at this plant, 
the high-phosphorus content of the open-hearth slags made 
it advisable to study the possibility of increasing such phos- 
phoric content to make a commercial phosphorie fertilizer 
slag. The basic pig iron used in this district normally runs: 
silicon, .80 to 1.10; manganese, .45 to .55; phosphorus, .80 to 
-90; and sulphur, .05. Phosphoric slag for commercial ferti- 
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lizer must contain a minimum of 16 per cent. of phosphoric 
acid soluble in 2 per cent. citric acid solution. 

The first attempts at recovery of high-phosphoric slag 
were based on the Hoesch process, in which a small amount 
of lime and iron oxide was charged on the furnace bottom and 
pig iron added. After the reaction had taken place, the metal 
was transferred to another furnace, the carbon content being 
about 2 per cent., and therefore replacing two pots of high- 
blown metal ordinarily charged. Because of the low-phos- 
phorus content of the pig iron for this particular process, the 
slags obtained were not satisfactory. It was found that low- 
silicon iron, and a phosphorus content of 1.5 per cent., would 
be necessary to successfully operate with this process and 
produce commercial fertilizer slags. 

The production of commercial fertilizer slag is a secondary 
consideration in the operation of this plant, ‘considering 
quality of steel and ingot production, and while other 
methods were tried which would produce satisfactory slag, 
in some cases it meant a decrease in tonnage, while in others 
bottom trouble occurred frequently. Various methods were 
tried, such as charging the scrap containing considerable 
amounts of slag from the fertilizer plant; addition of phos- 
phate rock to slag as the furnace slag was being dumped into 
slag pots; and increasing phosphorus in the pig iron by 
recharging open-hearth slag in the blast furnaces. The 
present method for producing high-phosphorus slag eco- 
nomically is to operate a furnace on 100 per cent. blown metal 
slagging over the fore-plate, producing soft steel. A furnace 
operated in this manner can produce from 18,000 to 20,000 
tons of steel per month, and 2,000 tons of 16.00 per cent. 
phosphoric slag, based on using some low-grade slag from the 
other furnaces. To produce such slag, when a heat is tapped, 
sufficient slag is taken off to cover the metal in the ladle, the 
bulk of the slag remaining in the furnace. Blown metal, low 
in carbon, is added to the furnace, and when the reaction is 
completed, the slag is flushed off over the fore-plate. This 
slag is high in phosphoric acid. Lime and iron oxide are 
added to the bath, and after the lime is melted, an additional 
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pot of blown metal, high in carbon, is added. When the bath 
is in condition, the furnace is tapped to produce low-carbon 
steel. The preparation of slag is as follows: When the fur- 
nace is tapped, the slag runs over the ladle into slag boxes, or 
over the fore-plate into such boxes, and a sample is taken to 
check specification for slags to be sent to fertilizer plant. The 
pots are dumped, and if lumps of steel are present, they are 
removed by either hooks or magnet. If the phosphoric con- 
tent is higher than 16.00 per cent., it will permit a mixture 
of some slag slightly under 16.00 per cent. 

The slag is first broken by dropping on it a ball, lifted by a 
magnet, steel present in the slag is picked up by a magnet, 
and the resultant slag is permitted to stand for two days or 
more to weather, which facilitates grinding. The slag is fed 
into.a crusher, first passing over a magnet coil for the removal 
of metallic steel, and the product, which has been reduced to 
5.8 inches or finer, is delivered to a mill, which grinds the slag 
to 4% inch or finer. Metallic steel is also removed in this stage 
by a magnet placed before the mill. The material is then 
delivered to a tube mill, where it is ground to a specification 
of 80 per cent. through a 100-mesh screen. The product is 
placed in bins preparatory to shipping in bags or bulk. 


BESSEMER STEEL PRACTICE 


In addition to the elimination of cupolas and use of direct 
metal through the medium of mixers, resulting in lower 
sulphur and more uniform iron to the converters, progress has 
been made in the method of pouring, stripping and heating. 

For instance, the use of approximately 20 pounds of 
crushed limestone per ton of steel, thrown into the ladle when 
the heat is being poured from the converter, helps to thin the 
acid slag. This liquid slag carries off oxides and impurities, 
agitates the metal, and insures a more uniform temperature, 
and also very little variation in the composition of the various 
ingots from first to last. Holding the steel in the ladle after 
pouring from the converter, for as long a period as tempera- 
ture permits, is also beneficial to quality, this practice per- 
mitting the impurities to rise to the surface and enter the 
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slag. In addition. to holding the steel in the ladle, the reduc- 
tion to a minimum in the size of the pouring nozzle, resulting 
in slow pouring of the steel, tends to further improve the 
quality, as does the use of open-top molds: the ability to 
observe the condition of the steel in the molds, permitting 
guidance in blowing the heats following. 

In stripping and heating, the general practice now is to 
have a stated time that the steel must remain in the molds 
before stripping, and a minimum time before it may be 
drawn from the soaking pit for rolling. This insures a solid 
ingot when rolled. 

The net result of these improvements in practice is marked 
improvement in the quality of the steel, as evidenced by a 
more uniform chemical composition throughout the heat, 
fewer cracks and imperfections in the bloom or billet, and 
fewer discards in the finishing mills on account of surface 
defects. 

DUPLEX PROCESS 

One of the outstanding developments in Duplex operation, 
as mentioned before, has been the use of high scrap charges in 
tilting furnaces, particularly when maximum tonnage was 
not desired. 

The Duplex process is a combination of the acid bessemer 
with the basic open-hearth. Its flexibility has made it of 
value in that balanced iron and scrap relations, for plants 
with stationary furnaces are possible. As a rule, burnt lime 
is used in the open-hearth furnace instead of limestone. 

Large charges of blown metal in open-hearth furnaces 
result in relatively low-manganese residuals, and where high 
residuals are desired, the amount of blown metal is reduced, 
and scrap and pig iron charges increased. 

With the possible exception of alloy steels, practically all 
grades of steels are made in the Duplex process today. 

One of the advantages of tilting furnaces is the easy dis- 
posal of slag when desired. 

In some cases Duplex operations have been abandoned 
and the tilting furnaces have been used for regular open- 
hearth charges. 

19 
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An interesting development of comparatively recent date 
has been the installation of tilting furnaces for regular basic 
open-hearth process. 


ELECTRIC FURNACES 


Studies are continually in progress in the direction of 
improving electric furnace practice in the direction of still 
better quality, larger capacity and greater economy of opera- 
tion, though definite results are not yet sufficiently far 
advanced for publication. 


TECHNICAL PROBLEMS AFFECTING QUALITY OF 
STEEL TUBULAR PRODUCTS 


STRONGER PIPE AND Pipe JOINTs FoR Ort CounTRY SERVICE 


Ten years ago, oil and gas wells were rarely drilled over 
3500 feet deep, and soft open-hearth steel, or wrought iron, 
was sufficiently strong for most conditions of service. About 
one-half of the steel tubular products now made are consumed 
by the oil industry. Deeper drilling has called for stronger 
material to resist collapse and to resist increase in other 
stresses. Wells 5000 feet in depth and more are now quite 
common, and steel tubular material is now available, suitable 
for drilling and operating wells 10,000 feet in depth. This has 
been brought about by (a) experimental testing; (b) mechan- 
ical improvements in the manufacture of pipe and couplings, 
and threading practice; (c) metallurgical improvements, 
resulting in better quality metal, for both couplings and pipe. 

These improvements involve the material for pipe and 
couplings, threading methods, gauging, manufacture of 
gauges, the tapping of taper couplings (both ends at one 
setting), improvements in automatic gauging machines, the 
installation of a constant temperature room for making pre- 
cision measurements on gauges, improved heat treatment 
apparatus, improved methods of making the crushing tests 
on lap-weld material, more stringent crop-end tests, recording 
devices for control of hydrostatic testing machines, improved 
thread lubricants, using electro-galvanized couplings, and the 
development of threading compounds with zine dust asa base. 
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A testing machine was designed recently to measure the 
ultimate collapse strength of pipe of high strength steel under 
external pressure. Over 500 tests have been made on sizes 
up to 1034 inches O.D. These data, which will be published 
shortly, together with results of torsion and tensile strength 
tests on full-sized sections, have afforded useful fundamental 
basic data for the improvement of oil country steel tubular 
material. 

The most important point in connection with improved 
tubular products for oil wells is the improved joint, due, first, 
to better material (seamless steel) being used in the coupling, 
and secondly, to more accurate workmanship in the cutting 
of the threads. Wrought iron was originally used for couplings 
on account of its easy threading quality. Later, a layer of 
steel on the outside was used, and still later, in order to get 
more strength, welded steel couplings were used. Now a 
medium-carbon seamless steel forging is used, with electro- 
galvanized threads, as developed in the laboratory to prevent 
undue friction, or galling, when the coupling is screwed onto 
steel pipe, thus making a much stronger and stiffer joint, 
which can be unscrewed without difficulty. This forging has 
a more uniform wall thickness, assuring the proper clearance 
for telescoping. Seamless steel couplings have over double 
the strength of wrought iron of the same section, and accurate 
clean-cut threads can now be cut, which was impossible on 
wrought iron. Greater increase in accuracy of thread cutting, 
better alignment of the pipe and coupling, and the develop- 
ment of upsetting, have produced joints that are now usually 
stronger than the pipe, whereas the old type of threaded 
joint had only about one-half of the strength of the pipe. 

The improvement in threading started in the manufacture 
of better chasers for taps and dies. This was accomplished 
by getting more accurate machines and tools. Electric fur- 
naces for heat-treating have also been installed, and a skilled 
foreman gives his entire time to supervising the production of 
the threading equipment. The chasers and die segments are 
checked for accuracy by a skilled mechanic, and when placed 
in operation the finished product also is checked at regular 
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intervals for accuracy of pitch, taper, and gauge size, in order 
to maintain the threads within a close range of variation. 
Furthermore, the couplings are now taper-tapped from both 
ends at one setting, with the taper running to the small 
diameter at the center. This taper must not be more than 
1go inch per foot under, or 4¢ inch per foot over, standard. 

Formerly, these couplings were straight tapped and 
expanded by a tapered expanding arbor, which in reality only 
gave a taper of from 1 inch to 1% inches from the end, instead 
of running to the center. This method of obtaining the taper 
threw many couplings out of round, and gave considerable 
variation inside, and as only about 10 per cent. of the coup- 
lings were gauged for size, many off-sized couplings found 
their way into stock. Now, at least every other coupling from 
each tap is gauged on each end, and machines are being 
installed so that shortly it is expected to gauge both ends of 
every coupling. 

Great care is also taken to have the recess of the coupling 
central with the thread, so that any shoulder on the pipe will 
not bear on the recess and thereby weaken the joint. A 
square face is put on the coupling to take the weight of the 
string in the well, and the first threads of the coupling are 
vanished, which, together with the chamfer on the end of the 
threaded pipe, enables a joint to be easily made when running 
casing or tubing in a well. Formerly, difficulty was experi- 
enced in this work, due to damaging the first threads or even 
cross threading, resulting in a bad joint. 

Similarly, close attention is given to the thread on thepipe. 
Skilled inspectors are constantly checking the taper, and all 
pipe must be within the limits of one turn, over or under the 
standard gauge. Thus, with the threads on the pipe and the 
thread in the coupling being made as close as is practicable 
to the standard shape, size and taper, within the prescribed 
limits, a joint of maximum strength is secured. 

To get a stronger joint for rotary drilling, and tubing for 
wells being pumped, upset ends are furnished so that the area 
of the steel at the bottom of the threads is equal to, or greater 
than, the area of any other cross section, thus making the 
joint almost as strong as the pipe itself. 
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In order to meet the severe conditions of deep wells and 
to give better welding, open-hearth steel with a higher 
phosphorus content has been made by rephosphorizing for 
lap-weld material, thus giving greater resistance to collapsing 
without increased cost to customer. 

For still more severe conditions, seamless casing and tub- 
ing are now made. By this process it is possible to furnish 
higher carbon and higher manganese steel, with about double 
the yield point of the soft open-hearth steel used for lap- 
welded pipe. This means that the new seamless casing has 
about double resistance to collapse, and may be used at 
correspondingly greater depths with safety. 


DEVELOPMENT or Hot FinisHep SEAMLESS PIPE AND 
TUBING 

The principal technological development in the seamless 
tube industry has been to make available hot finished pipe 
and tubing of suitable quality, in place of the cold drawn 
tubing, which at first was the only form in which seamless 
tubes were available. At first, practically all seamless tubes 
were used for bicycle frames. The seamless tube mills were 
in reality cold drawing plants, which took the heavy hollow 
billets made in Europe, and laboriously drew them down to 
sizes suitable for bicycle purposes. The number of ‘‘passes”’ 
required was about fifteen, and when it is realized that the 
billets had to be annealed, then pickled and finally greased 
before every pass, the expense and time required to produce 
tubes in this way can be appreciated. Later on, mills for 
piercing the billets for cold drawing were installed in this 
country, and attempts to make boiler tubes were successful. 
The cost of manufacture was decreased in three ways: 

1. Production of lighter billets for cold drawing. 

2. Increased draft, requiring a lesser number of passes 
in cold drawing. 

3. Improved technique, causing lesser rejections. 

Other uses for cold drawn tubes were found, so that the 
business grew to fairly large proportions, but it was seen that 
unless a tube could be produced hot, of the required dimen- 


294 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


sions and of good appearance, no great increase in output 
could be hoped for, due to the high cost of cold drawn tubing 
limiting the demand. This problem has now been solved, 
with the aid of special invented machinery. 

The general line of development was: 


(a) Improvement in mechanical design of equipment. 

(b) Improvement in tools used, which are vital in their 
effect on quality. 

(c) Improvement in fuel and heating facilities. 


As developed at present, hot finished pipe is smooth inside 
and outside, and practically free from pits and scabs. It 
can be made, on sizes 4 inches to 7 inches for example, within 
less than 142 inch of the diameter and 5 per cent. of the 
weight wanted. 

The growth of the seamless tube industry, due to develop- 
ment of hot finished product, has been as follows: 


PRopUCTION OF SEAMLESS TUBES IN UNITED STATES 
1913 1925 
108,567 G.T. 568,194 G.T. 


Approximate per cent. hot finished 


38% 86% 


The improvement in metallurgical practice required to 
obtain more uniform steel for piercing, and to eliminate sur- 
face seams as far as possible, has been carried on with the 
usual procedure; that is, the cause of these defects has been 
studied, the previous attempts to solve this problem have 
been reviewed, and the various factors in the open-hearth, 
heating, and rolling practice have been studied, with a view 
to obtaining better steel for this purpose. 

The severity of the rotary piercing operation quickly 
demonstrated that only steel of a very superior quality would 
be satisfactory, and at the beginning, a very definite open- 
hearth procedure was adopted, this being based on the best 
accepted principles of steel works practice. In 1916 the 
requirements for quality steel became much more exacting, 
due to the introduction of higher tensile materials for use in 
oil country products. With the increase in tonnage of the 
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higher tensile seamless steels, has likewise come about an 
increased demand on the part of the trade for a higher stand- 
ard of quality. In this way the problem has become of rapidly 
increasing importance. The advancements made on this 
problem are measured directly by the decrease in rejects of 
material at the seamless mills, and higher standard of quality 
in material reaching the customer. This major problem is 
naturally composed of several elements, each of which has 
been the subject of study and experimentation over a period 


_ of years. Quality of the basic open-hearth iron used for mak- 
ing seamless steel has been gradually improved, particular 


attention being paid to finishing, and to the sulphur and 
manganese contents. A high percentage of manganese has 
been found necessary in the open-hearth charge, as this high- 
manganese content results in better chemical and physical 
quality of steel. For the most part, the manganese content 
of the charge has been maintained by the use of spiegel, but 
extensive runs have been made using a special high-manganese 
basic iron, in which test runs it has been demonstrated that 
with proper open-hearth practice, steels for seamless tubes 
can be produced which are at least as satisfactory as those 
produced with the use of spiegel, and that considerable 
economy is thereby effected in the open-hearth practice. 
Various details of the working of the open-hearth heats have 
been standardized as the result of tests. Among these points 
may be mentioned the type of charge and quality of the 
materials used, the melting and working of the heats, compo- 
sition of the slags and handling of the alloy additions. It is 
felt that the present open-hearth practice is now sufficiently 
satisfactory, but that the handling of the steel after it leaves 
the furnace deserves further consideration. Both the design 
and care of the ingot molds have been given serious considera- 
tion, and several points of this nature are still being investi- 
gated, with the indication that further improvements will 
result. A systematic chipping practice, which was adopted 
at the outset, has received constant study, and improvements 
are continually being made. 
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IMPROVED PROTECTIVE COATINGS AND SURFACE FINISH 


This subject is constantly under study. It involves 
improvements in methods for removing the mill scale, and in 
the protective materials available, and in methods of appli- 
cation of these to the pipe. 


MECHANICAL REMOVAL OF SCALE 


Mill scale (magnetic oxide) can be removed mechanically 
at a high temperature, because it is brittle at, or below, 1800° 
F. (approximately), at which temperature the steel can, of 
course, be readily forged and distorted. A process has been 
developed in which the pipe is first made a little larger in 
diameter than usual, and is then reduced to standard size 
after the temperature has been lowered sufficiently to allow 
the scale to become brittle. Mechanical removal of the heavy 
' welding scale, in this way, has reduced the acid required for 
pickling by one-half, besides giving a much smoother finish, 
and less pitting when the pipe is exposed to corrosion. This 
process is now widely employed in most butt-welding mills. 


PICKLING 


The thin surface scale, which forms after the pipe leaves 
the finishing rolls, must be removed by acid pickling pre- 
paratory to galvanizing; the beneficial action of inhibitors 
in facilitating galvanizing will be referred to later in this 
discussion. 

The use of reinforced bituminous coatings, spirally 
wrapped on the pipe over the usual dip coating, has been 
extended, and improved machinery installed for the appli- 
cation of this type of coating. Machines have also been 
installed for the centrifugal lining of pipe with portland ce- 
ment mixtures or hot asphalt mastic. The use of such coat- 
ings on the interior of water pipe has been shown to greatly 
prolong the life, and to maintain the water carrying capacity, 
so that a smaller size of main may be used than where no 
such lining is applied. 

The cause and means of preventing corrosion has been 
the subject of research for many years. The essential factors 
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involved, and the principles of prevention, have been studied 
in detail and published at various times. The subject has 
been recently summarized and reduced to Something of a 
science and has been published in book form. 

The main developments of a practical nature which have 
grown out of this work are : (1) means for removing dis- 
solved oxygen from water in closed systems, thereby mini- 
mizing corrosion. This is useful and often essential to the 
preservation of steel and iron piping in power plants and in 
large buildings. (2) Coéperative work in determining the 
essential conditions for formation of natural protective coat- 
ings by chemical treatment. This is important as a basis for 
treatment of municipal water supply to preserve piping, for 
the treatment of corrosive refrigerating brines condenser 
water, and cooling water. Corrosion has been reduced 80 per 
cent. through such treatment. (3) The conditioning of 
boiler water in heating plants to control the purity of the 
steam. Acid steam was found to be the cause of much dam- 
age in heating systems, and it has been shown that this is due 
largely to the decomposition of soda ash in the boiler, and to 
presence of free carbon dioxide in the make-up water, and 
can be very materially reduced at a reasonable cost. 

Generally speaking, it has been shown by the work already 
done, that external factors are much more influential in 
accelerating corrosion than the usual variations in quality of 
iron or steel. It is understood, of course, that water and free 
oxygen must both be present in order that natural corrosion 
may continue, but that other factors, such as temperature, 
acidity, or alkalinity, rate of motion and film-forming proper- 
ties, etc., have a very considerable effect on the rate at which 
the metal is attacked, and on the localization of the action. 


A Mernuop or CLEANING Pirpinc SysteMS WHEN CLOGGED 
wito Rust AND SCALE 


A recent development, which came about as the direct 
result of laboratory investigation, is a method of removing 
rust and scale deposits from water piping by means of an acid 
solvent. By this method, it has been found possible to clean 
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the piping of a building without disturbing or removing the 
pipe itself. 

The development of this acid solvent came about through 
the laboratory study of inhibitors. These are substances 
which, when added to an acid, prevent its action on bare steel, 
while allowing the continued solution or loosening of scale 
or rust. They provide a better surface for galvanizing and 
reduce fumes from the pickle tank. Inhibitors consist of 
various organic compounds such as glue, bran or moldy 
flour, hydrocarbon acid extracts from byproduct coke plants 
and petroleum refineries, etc. The series of laboratory investi- 
gations which preceded the development and use of this 
acid solvent are as follows: 

It was found that in plant pickling baths for removing 
the oxide scale from steel pipe prior to galvanizing, certain 
compounds would save nearly 60 per cent. of the acid. How- 
ever, the costs of these materials were often too great to 
make their use economical. Accordingly, a laboratory 
investigation of the subject was begun. The substances 
effective as inhibitors, the quantities required for various 
strengths of acid, at various temperatures, were determined. 

At about this time, the problem of cleaning rust from 
ammonia condensers came up, and it was suggested that this 
could be done by means of a suitable acid, plus an inhibitor. 
Laboratory experiments indicated this to be feasible and a 
bank of ammonia condensers was satisfactorily treated in 
this way. 

The problem of rust accumulations in water supply piping 
in New York City was being studied at this time and the use 
of the cleaning method for ammonia condensers suggested 
its application to the piping problem. Laboratory experi- 
ments were again carried out, and it was found that the pick- 
ling solutions were ineffective with the heavy rust deposits. 
However, by using some of the powerful inhibitors found in 
the original pickling investigation, in combination with about 
15 per cent. hot, muriatie acid, it was possible to make a sol- 
vent which would rapidly dissolve the rust without injury 
to the piping. 
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This method was put into use originally in the cleaning of 
the entire cold water supply system of a thirty-five story office 
building. The cleaning operation was successful in removing 
the rust without injury to the piping. This method has 
proved to be of great interest to building operators and 
owners, and has received rather wide publicity because it 
seems to meet a very real need. The same means may be 
employed for cleaning condensers and similar apparatus, 
which otherwise would have to remain very inefficient or 

would have to be renewed. 
2 The clean bare steel, after cleaning in this way, tends to 
corrode rapidly, and a method is now being developed by 
which it is believed a good protective coating may be applied 
to the pipe in situ, immediately after the acid cleaning 
operation. 

In the meantime, the study of plant inhibitors has been 
continued, and undoubtedly effective and more economical 
inhibitors will be found. Not much is known at present as to 
the essentials of the composition of these compounds. 


Firtp THREADING AND THREAD LUBRICANTS 


For the sake of thousands of pipe users throughout the 
country who thread pipe, and have no special facilities or 
knowledge on the care or repair of threading dies, detailed 
information for general use has been published based on 
proven experience and investigations, and this is augmented 
by assistance of experts in the field, with the object of aiding 
in maintaining a good standard in threading practice. 

The zine dust pipe thread lubricant, heretofore referred 
to as having been developed to make and maintain strong 
tight joints, is now manufactured and sold by outside 
agencies in large quantities according to formula, and is, of 
course, available to all users of pipe. 


Some SPECIAL CONSIDERATIONS IN THE ANNEALING OF 
SHEET STEEL 


One of the most interesting problems with which the sheet 
steel manufacturer has had to deal in the last decade is the 
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production of material to meet the exacting requirements of 
the automobile trade. The consuming public is thoroughly 
familiar with the rapid expansion of this industry, and with 
the improvements and changes in style or design, which year 
by year have added to the attractiveness and utility of motor 
vehicles. However, only a relatively few persons have been 
in position to appreciate the vast extent of its changed 
methods of production, which in turn have called for new 
combinations of qualities and properties in the materials, 
from which the various parts are produced. 

Along with the development in the automobile industry, 
manufacturers in other lines using sheet steel as a basic 
material, have been equally alert and progressive, so that we 
are now in the very midst of an era in which the practiced art 
of fabricating, stamping, and deep-drawing sheet metals is 
little short of amazing. 

A multitude of factors enter into the production of steel 
sheets adapted to meet present requirements, but for the 
purpose of this paper one operation, the annealing, may be 
singled out as an example of the progressive transitions which 
have taken place. Years ago, main reliance was placed upon 
the process of mass or box annealing. Sheets from this proc- 
ess were soft and pliable, with a relatively low yield point 
and good ductility, as measured by the stamping practice 
then in vogue. In the course of a few years, however, the 
depth and severity of the forming operations increased con- 
siderably, and the burden of the demand was for a sheet 
which was ‘‘tough” though not hard, rather than ‘‘soft.”’ 
In many cases, the characteristic most desired was that which 
would allow the metal in the blank to flow as a whole under 
the action of the press, and thus conform to the contour of 
the die. A further consideration was the elimination of a 
slightly irregular surface at those locations where the blanks 
in process had been stretched or bent, a condition known in 
the trade as “‘pulling coarse.” This was a tendency often 
encountered in the case of box-annealed sheets, whose internal 
structure was characterized by the presence of relatively 
large grains. 
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For the purpose of meeting the new demands, a process of 
“open annealing”’ was developed. According to this method, 
the sheets were heated to a high temperature singly and in 
procession, in an extremely short furnace, and were then 
cooled rapidly in the air to preserve the structure set up by 
the heat treatment. A highly desirable combination of 
properties was obtained by this process—relatively higher 
yield point, high per cent. of elongation, and a uniform inter- 
nal structure composed of very small equiaxed grains. The 
desired degree of toughness was imparted without brittleness, 
and the tendency to ‘‘pull coarse” during fabrication was 
overcome. 

The processes already described have been modified and 
improved from time to time, and continue to produce a large 
amount of material for such applications as require the 
particular properties they are designed to impart. However, 
progressive changes in the design of automobile parts, and 
the further development of methods for the deep drawing of 
large and intricate sections, soon injected new elements into 
the situation, which called for special consideration. It was 
found that for many purposes a sheet was required which 
would not only flow into the die to conform to the general 
shape of the part being produced, but would likewise allow 
local deformation to take place in certain areas. In other 
words, a peculiar balance was desired between the properties 
usually inherent in an open-annealed sheet on the one hand, 
and a box-annealed sheet on the other. 

A method of accomplishing this result was found in a modi- 
fication of the former open-annealing process. By heating 
the steel to a temperature above its upper critical point, the 
existing structure is destroyed, as heretofore, but instead of 
a rapid cooling in the air, the sheets now undergo a rela- 
tively slow cooling in a prolongation of the heating zone of 
the furnace. With a proper adjustment of the temperature 
gradient, and a control of the speed of travel through the 
furnace it is possible to set up a structure of medium grain 
size, and to obtain the desired combination of toughness and 
ductility in the sheets. In terms of microstructure and physi- 
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cal properties, these qualities are described in the following 
microphotograph and figures which are typical of the product. 

Throughout the development of this annealing problem in 
its various stages, the consideration of physical or deep draw- 
ing properties has been given the key position. Hardly less in 
importance, however, has been the question of surface quality 
as related to the method of annealing. Sheets to fulfill the 
present requirements must have surfaces which are practically 
flawless, on account of the fact that the former finishing 
practice of filling, painting and rubbing down has been super- 


Fig. 1.—Microphotograph of Specimen of Sheet Steel after Treatment by 
Modified Open-annealing Process. Yield Point, 29,000 to 33,000 Pounds; 
Ultimate Strength, 48,000 to 52,000 Pounds; Elongation in 8 Inches, 28 to 
30 Per Cent. 
seded by one involving the use of only a few spray coats of 
nitrocellulose lacquer. This feature has had an important 
bearing on the design and method of operation of each anneal- 
ing furnace, and the dictates of surface requirements are fully 
incorporated in the latest type of construction. Thus the well- 
known slogan “‘save the surface” has been passed along to 
the sheet steel manufacturer, and has become a part of his 
daily operating catechism. 

As a matter of interest, a sectional drawing of a furnace 
for the continuous heat treatment of steel sheets is presented 
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with this discussion. Its operation is flexible, the temperatures 
are closely controlled by numerous pyrometers, and highly 
gratifying results are being obtained with its application. 
(See Figs. 2 and 3.) 


DEVELOPMENT OF A MECHANICAL FEED FOR TIN Pots 


In the early days of the tinplate industry in this country, 
the actual-work of coating the plates was performed by hand, 
and the tinners were classified as skilled workmen. The sup- 
posed secrets of the art, or trade, were at first jealously 


Tipe merret 


Fig. 3.—Furnace for Continuous Annealing. 


guarded by the initiated few—the development of new talent 
being in the hands of those who were willing to confer the 
favor upon the rising generation. From time to time, as the 
industry progressed, mechanical aids were developed to sup- 
plement the hand work of the tinners, but for many years the 
untinned sheets continued to be fed to the pots by an artisan 
stationed at each unit. Under this system, the output per 
tinning stack was rarely as high as seventy-five base boxes in 
eight hours, the more common range being sixty to seventy 
base boxes for that period. 


During the late War, the unusual demands upon man 
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power, as well'as the call for increased production, focussed 
attention upon the desirability of developing, as extensively 
as possible, new mechanical facilities for the coating of tin- 
plate. Thus an added impetus was given to the solution of a 
problem, which was already clearly defined from the stand- 
point of the usual commercial considerations. 

The first step in the development was the provision of a 
mechanism to convey the sheets into and through the flux 
and molten metal of the tin pot, to the point where they were 
formerly pushed by hand. From a strictly mechanical stand- 
point this would seem a relatively simple proposition, but 
various other features imposed limitations, which added both 
difficulty and interest to the work. It was necessary, for 
example, to keep in mind the following considerations: 


1. The apparatus must operate immersed in molten tin 
at a temperature of 600° F. All warping and binding of the 
parts must be avoided. 

2. On account of the continual alloying action of molten 
tin and iron, the composition of the steel parts of the appa- 
ratus must be such, that this effect would not interfere with 
the operation. 

3. Experience had shown that steel rolls immersed in 
liquid tin gradually became “‘burnt” or detinned, after 
which they accumulated a troublesome film of scruff and dirt. 
This must be overcome to insure the continuous operation 
of the mechanism. 

4. Any apparatus installed in the metal bath must oper- 
ate with a minimum of agitation, to prevent contamination 
of the product with dross. 

5. The weight, distribution, continuity, and luster of the 
tin coating on the plate must be as good as that produced 
under the established method, with improvement as a prime 
consideration. 


A discussion of the manner in which these interlocking 
factors were met in the experimental work would prolong this 
account to unreasonable lengths. However, a few typical 
points may be of interest. It was soon found that, for the 

20 
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successful operation of a mechanical feeder and conveyor 
within the molten metal, a certain minimum speed of travel 
must be exceeded or the desired results could not be obtained. 
This minimum speed was higher than the maximum for-. 
merly maintained with the manual method. Such a change 
was brought about by this one condition, that it was neces- 
sary to revamp many other features of the tinning operation, 
giving attention to the composition and quality of the 
zine chloride flux, the method of applying heat to the pot, 
the quality of the oil used in the finishing compartment 


Tinning Stack 


Magnetic Feeder 


Fig. 4.—Tinning Machine with Mechanical and Magnetic Feeders. 


of the stack, methods of treating the scruff, and changes in 
the design and construction of the exit end of the tinning 
machine. 

As a net result of the experimental work, a relatively 
simple form of roll mechanism was finally evolved, as shown 
in outline by the drawing. (See Fig. 4.) One pair of sub- 
merged rolls, in conjunction with two pairs operating outside 
the tin pot were found sufficient. It was also determined, 
that by maintaining a linear speed of more than 120 inches 
per minute, sufficient flux was carried down to the submerged 
rolls to prevent excessive fouling or detinning. Marked 
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improvement in the luster of the coating, along with better 
distribution and degree of continuity, were apparent in the 
tinplate produced by this apparatus. 

In addition to the extensive mechanical development 
work, this part of the problem involved the making of more 
than forty thousand chemical, physical and metallurgical 
determinations, not only to assist in the perfection of the 
process, but also to insure the quality of the tinplate result- 
ing from its operation. 

With this portion of the problem successfully solved, there 
remained the development of a feeder, which would handle 
the sheets from a storage bosh alongside the tin pot and 
deliver them in proper order to the intake rolls of the appa- 
ratus described above. This part of the work, while more 
complicated mechanically, did not involve directly the chemi- 
cal and metallurgical considerations encountered in the 
first section. 

Fig. 4 illustrates the principles upon which the outside 
feeder was developed. Two revolving magnetized rolls, 
upper and lower respectively, in turn attract the steel sheets, 
which are placed vertically in a water bosh in front of the tin 
pot, and push them into engagement with a succession of 
conveying rolls located above the molten tin. In the path of. 
the sheets, between the bosh and the tin pot, a series of safe- 
guards are provided, whose function it is to prevent the 
entrance of overlapping or multiple sheets into the flux box. 
The first of these safeguards is a triangular escapement, 
which retards the second sheet until the first one has passed, 
and the final one is in effect a micrometer thickness gauge, 
which by-passes either the second sheet of a double, or both of 
them if they are not readily separable. It is readily apparent 
that: the proper functioning of these appliances is vital to 
the success of the feeder. Much effort was spent in the 
development of the design and materials to insure their 
perfection. 

By a consolidation of the two feeders described in the 
foregoing account, and further, by making the necessary 
changes in practice and layout to allow their inherent merits 
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to be fully realized, a mechanical method of tinning has been 
developed, which has demonstrated the following operating 
advantages: 

1. Production of tinplate of higher quality than heretofore. 

2. Independence of the supposed hereditary skill of the 
tinners. 

3. Increase in output per tin pot from the former average 
of approximately 65 base boxes per eight-hour turn, to an 
average of about 185 base boxes per turn. 

4. Decrease in man power required per unit of product 
tinned. Under the former system one tinner was required for 
the operation of each stack. The new method may be 
operated satisfactorily with one sub-foreman, and three pot 
attendants, for six stacks. The output per man employed in 
the coating operation is therefore increased from 65 base 
boxes to approximately 275 base boxes. 


IMPROVEMENTS IN THE PICKLING PROCESS FOR STEEL 
SHEETS 


It is quite commonly known that in the process of pick- 
ling steel with sulphuric or hydrochloric acid, undesirable 
effects may be obtained, if the conditions are not properly 
regulated. Excessive loss of material, local pitting of the 
surfaces, and absorption of hydrogen, to say nothing of 
objectionable staining, are always possibilities, which must 
be met by careful adjustments of the practice. In the case of 
sheet steel, where the ratio of surface to volume is extremely 
high, and where the normal small voids of the ingot are 
always greatly elongated, the control of the pickling treat- 
ment is of special importance. The extent of the time of 
immersion, concentration of the available acid, and tempera- 
ture of the solution are primary factors. Their effect upon 
the quality of the product, as well as that of the hydrogen 
involved in the process, has been the subject of intensive 
study and investigation. 

Quantitative measurements of the influence of each of 
these factors, varying them one at a time, were made in a 
long series of experiments, and the data so obtained laid the 
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foundation for the later and more practical work. Along 
with the study of the primary conditions, a parallel investi- 
gation was conducted, to develop the merits and possibilities 
of certain addition agents or inhibitors, which were shown to 
have a selective restraining action on the acid attack. It was 
soon demonstrated that these inhibitive substances, in 
addition to their specific action, likewise rearranged the 
relationships between time, temperature and acid concen- 
tration, so that to obtain a definite pickling result within a 
given period, it was necessary to choose a new optimum 
temperature and acid concentration, by selecting the most 
advantageous points on the respective quantitative curves. 
This information was available from a vast amount of data 
collected in numerous tests. Thus through a knowledge of 
the rate of change of pickle attack with temperature and with 
acid concentration, in inhibited solutions, it was possible to 
select combinations of conditions, which were best adapted 
to meet the requirements of the various pickling processes. 
The work on this problem was prosecuted in both laboratory 
and mill, so that any possible discrepancy between small and 
large scale operations might not serve to invalidate the con- 
clusions drawn from any section of the investigation. 

The properly inhibited pickle solutions produced desir- 
able results in many ways, first by reducing the consumption 
of acid and loss of metal, and then by contributing to a clean, 
smooth, uniform surface condition of the pickled sheet. These 
effects were gratifying in themselves, but an additional feat- 
ure added a new interest to the investigation. One of the 
purposes in undertaking this work: was to set up a practice 
which would not only insure the benefits just enumerated, 
but would likewise reduce the normal effects of the hydrogen. 
It had been shown that hydrogen from the pickle was capable 
of passing entirely through the sheets, also that in case it met 
with any internal discontinuities in the metal, molecular 
hydrogen might be formed, which, in turn, could and did 
contribute to the formation of blisters. . Under some con- 
ditions the gas was retained by the steel, even though blisters 
did not develop, and was a factor in subsequent operations. 
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Numerous experiments demonstrated that the presence 
of an inhibitor decreased to a marked degree the ability of the 
hydrogen to penetrate the metal, and that the absorption 
of the element was reduced to a minimum. An adequate 
explanation of this phenomenon is not available at present, 
as the mechanism of the action is still a matter of investi- 
gation and study. However, the practical application of 
inhibitors has been made to those pickling processes in which 
economy of materials, smooth clean surfaces, and a mini- 
mizing of the effects of hydrogen are the determining con- 
siderations. 

In the plant operation, it remained only to adapt to the 
pickling process such apparatus for the measurement and 
control of acid concentration and temperature, as was 
required to keep the operators fully informed in regard to the 
conditions prevailing in the bath. This part of the problem 
was one of experiment rather than of research. With this 
final provision made, the operation which was formerly 
erratic, and uncertain in many ways, was made to conform to 
well-established principles—much to its benefit and that of 
its product. 

TOUGHENED-RIM CAR WHEELS 


From the earliest use of the metallic car wheel, efforts 
have been made to increase the life and improve the quality. 
This has grown from the early chilled tread of the cast iron 
wheels to various heat treatments given to cast or wrought 
steel wheels of plain or alloy steels. 

Many processes have been tried. All aimed to produce a 
hardened tread designed primarily to reduce the wear. 
Several methods produced a very hard tread which resisted 
wear, but was not suitable for the purpose as the steel was 
brittle, breaking easily in service. In addition the tread was 
too hard to be machined. 

The most prevalent cause of wheel removal, is the shelling 
of the tread, which occurs under extremely heavy and hard 
service, as in tender truck service. In certain cases the wheel 


loads have increased to 34,000 pounds on the 36-inch tender 
truck wheel. 
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Experiments were begun in 1913 to prepare a wheel, in 
which the tendency to shell would be materially reduced. 
Several kinds of steel, both plain and alloy, were tried. After 
wheels made from these steels were heat-treated, they were 
placed in service, and their performance carefully watched. 
After many experiments, continuing to about 1928, and 
covering approximately 3000 wheels, a method was worked 
out whereby the rim of the wrought steel wheel is converted 
into a sorbitie or toughened condition. This wheel can be 
machined, when removed from service, to restore the contour | 
of tread and flange, and the tendency to shell has been 
reduced very materially. This has resulted in greatly in- 
creased mileage from the wheel, due to the longer service 
before removal, rather than the decreased wear. 

Approximately 6,000 wheels have been treated by this 
process from 1924 to 1927, and have been put into service on 
heavy traffic roads, and on roads where low winter tempera- 
tures had a tendency to cause excessive shelling. The per-- 
formance of these wheels is very encouraging, and it is 
believed that for severe service the Toughened-rim Wheel 
will gradually supplant the regular wheel. 


SILICON STEEL BorLeR PLATES 


With modern powerful high-speed locomotives, to pro- 
vide for the greater steam pressures, a demand has arisen for 
boiler plate of greater strength, which would avoid the 
necessity for increase in the thickness, as would be the case 
with material having the physical properties heretofore speci- 
fied, and with the attendant increase in weight and decrease 
in heating efficiency. 

To meet this demand, there has been developed a special 
quality of silicon steel, with the following approximate 
chemical composition: silicon, .20 to .30 per cent.; carbon, 
below .35 per cent.; manganese, .60 to .90 per cent. 

It will be noted that it is similar to the silicon steel previ- 
ously developed for structural purposes, but the composition 
and properties have been somewhat modified to take care of 
the special fabricating conditions for locomotive boilers. 
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The following table gives the physical properties, in com- 
parison with those representing ordinary material: 


Physical properties Ordinary carbon steel Special silicon steel 
Tensile strength 55,000 to 65,000 pounds 70,000 to 83,000 pounds 
per square inch per square inch 
Yield point, minimum 0.5 tensile strength 38,000 pounds per square 
ine 
Elongationin 8in.,min. 1,500,000 divided by the 1,600,000 divided by the 
tensile strength tensile strength 


The table illustrates the marked increase in tensile strength 
and yield point, combined with relatively higher ductility. 
Contrary to the expectation of the locomotive shops, it has 
been proved that this new material undergoes fabricating 
operations, such as shearing, punching, machining and form- 
ing, practically as readily as the ordinary grade. 

The presence of so much silicon requires careful control of 
the open-hearth processes, and extra precautions in the prepa- 
ration of the slabs from which the plates are rolled, necessi- 
tating considerable extra cost above that for plain carbon 
steel. 

The advantages in the use of this steel, aside from the 
physical properties just given, are due to the lower ultimate 
cost of the boiler, in comparison with plain carbon steel of 
lower physical properties on the one hand, and the more 
expensive alloy steels on the other. <A good surface is also 
more easily maintained than with alloy steels, and the ease 
of fabrication is greater. This steel, which marks a new 
departure during the past year, has already been taken 
advantage of in the manufacture of boilers for large loco- 
motives and a considerable number are now in successful 
operation. 


NORMALIZED BoLtt WIRE 


In recent times there has been a constant trend towards 
higher carbon steels in the cold heading industry, especially 
in wire used in the manufacture of cap screws. With the 
increased carbon content of the wire, cold-heading difficul- 
ties have increased, this being especially noticeable in the 
poorer flowing qualities of the steel in the upsetting operation 
and shortened life of the heading and thread rolling dies. 
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As a consequence, a series of experiments were conducted 
to develop in steel heading wire of .30 carbon and over, the 
best possible cold-heading qualities. 

A series of heat treatments was carried out on the hot 
rolled rods from which this wire is drawn, and a study was 
made of the microstructure and grain size of the wire drawn 
from these rods, in conjunction with the results obtained in 
the manufacture of cap screws from these various lots of 
wire at the customer’s plant. 

From the experiments, it developed that wire drawn from 
rods which had been thoroughly soaked at a relatively high 
temperature (about 1650° F.) showed the best flowing quali- 
ties in the cold-heading operations. As a result of the 
improved qualities of ‘‘normalized”’ wire, a greatly improved 
product is obtained, and also a marked increase in the life of 
the heading and thread rolling dies, the increase in the life of 
’ the latter alone, paying for the slightly increased cost of the 
‘‘normalized”’ wire over the ordinary bolt and cap screw wire. 

This new quality of high-carbon cold-heading wire, was 
called by the customer who collaborated in this development, 
normalized wire, and it is now generally designated by that 
name by the bolt industry. The heat treatment process used 
in producing it, however, varies in several respects from the. 
heat treatment that is technically designated as normalizing. 

The use of normalized bolt wire is increasing steadily in 
the bolt industry and it is now being produced by several 
wire manufacturers. 


TESTING THE GRADE OF STEEL IN COLD-DRAWN Bars AND 
WIRE BY AN ELECTRICAL RESISTANCE TEST 


It has long been known that carbon and other elements in 
steel increase its electrical resistance. This fact has been 
taken advantage of by the laboratories, in developing a quick 
method of checking the grade of steel in cold drawn bars or 
wire previous to shipment, or in separating two grades of 
steel, in case there has been a mixup at a customer’s plant. 

In general, the method used consists of comparing the vol- 
tage drop along a fixed length of the bar or wire, this being 
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checked with a voltage drop along the same length of a 
standard bar of the same diameter, of known chemical 
analysis, in electrical series with it. Several types of testing 
equipment based on this principle have been developed: first, 
a permanent or panel type of equipment, using the regular 
mill line current with banks of light bulbs by which to regu- 
late the voltage. This panel type is used in the routine check- 
ing of the grade of certain kinds of wire. A second type is 
used, in which the contacts are mounted on a long bench, the 
source of current being a 6-volt storage battery. This type of 
equipment is used in checking the grade of straightened and 
cut, cold drawn bars. There has also been developed a 
portable type of equipment which can be taken to a custo- 
mer’s plant. 

The general principles of these three types are the same. 
The standard bar and the bar being tested, are in series 
electrically, and the voltage drop between two contacts 
placed between the current contacts is read by a potenti- 
ometer. To do this, the instrument is balanced so that the 
galvanometer shows that no current is flowing, consequently 
the variation of the contact resistance has no appreciable 
effect. After the potentiometer has been balanced for the 
standard bar, the double throw switch is quickly thrown, so 
as to give the drop along an equal length of the bar being 
tested. If the two bars are of the same grade, there will be no 
appreciable movement of the galvanometer needle. The 
standard bar usually taken, has a chemical analysis cor- 
responding to the maximum, or to the minimum, carbon con- 
tent of the grade of steel which is being checked, and conse- 
quently a reliable check can be made of the grade of steel. 

This method so far has only been used on ordinary carbon 
steel specifications. While the method obviously has certain 
limitations, it has proved its value in many cases, so that on 
some specifications it has become a routine test in some of the 
mills. Also upon request from one customer, a large manu- 
facturer of motor cars, he was furnished with the layout of 
the apparatus, which he has further improved in a portable 
instrument which he uses regularly to check the grade of wire 
as unloaded from the ears. 
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Rove Wire Manvuracturep From STAINLESS IRON 


The following outlines an investigation conducted to 
develop a satisfactory mill practice, for use in making wire 
suitable for certain types of wire strand and wire rope: 

A large proportion of the plain carbon steel, used in the 
manufacture of both bright and galvanized wire strand and 
rope, comes within the following range of physical properties: 
Tensile strength, pounds per square inch, 160,000 to 260,000 
Bright drawn, 1.0 to 3.5 per cent. 
Galvanized, 2.0 to 7.0 per cent. 

Bright drawn, 26 to 36 min. 
Galvanized, 40 per cent. of the bright wire 


\ in larger sizes, but somewhat higher 
percentage in smaller sizes. 


Per cent. elongation in 10 inches . 
Torsions in 100 diameters........ 


The above requirements are met in plain carbon steel 
wire by varying the analyses, heat treatments and drafting 
practice used in making the wire. 

In the investigation of so-called stainless iron, however, a 
material of fixed analysis, as follows, had to be dealt with: 


Cc. Mn" iS) Pe. Si Cr 


a2 -25 to .50 -025 .025 -25 to .50 12.0 to 16.0 
Max. 


Heat Treatment.—Annealing experiments were first tried 
on this material, with results as shown in the following table: 


TaBLe 1. 
Percent. Percent. Torsions 

Dia. T.S.lbs. elong.in Cont. in 8” 

Annealing conditions wire. persq.in. 40% Area length 
S002 Be hOre OUT s, ct.tie.s 2 -156” 78,500 18.6 80 59 
E3002 EH tor:2 Hours >. i252 4 74,200 19.0 80 61 
14002 He for Whours cass. f 77,300 18.8 78 60 
1400> Eo for 2 hours... > 2... 71,200 17.8 80 57 
15002 Esfor LE hour’... 73,000 18.5 79 57 
£5007 Ffor2:hours. ..2.. 72,300 16.0 78 34 
1600" 1; fort hours. i. =. 75,500 17.0 73 17 
1600° F. for 2 hours....... 76,000 LO euro 22 
HiO0eE fort hours... 22, =- 78,500 20.0 61 19 
WOOm Ba fore2chourser.: 2). 6 79,000 16.3 65 25 
LSO0s He for 1 hour, <2... 76,500 16.0 68 20 
100 tor 2 hours........-. 78,000 16.3 65 8 


From the above table, it is noted that the maximum soft- 
ness, as indicated by the tensile strength, was obtained by 
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annealing two hours at 1400° F. Also the toughness of the 
wire after this treatment was satisfactory, as shown by its 
‘Per Cent. Contraction of Area”’ and ‘‘Torsion Test.” This 
table also shows that above 1500° F. there is a marked falling 
off in these last two tests. In fact, the two-hour annealing at 
1500° F. produced a decided drop in the torsion test. 

Air hardening, or ‘‘old process patenting”’ tests, were then 
run on this wire, the samples being heated to the various 
temperatures, and for the various time intervals, shown in 
the following tables; the cooling in these tests being done in 
the open air, as against cooling in the furnace as was done in 
the annealing tests previously described. 


TABLE II 
Time at T.S. Ibs. per 
Heated to temperature Dia. wire 8q. in. Torsion in 8” 
1700° F. 3 min. 102” 142,000 6 
6 min. 151,000 4 
10 min. 176,000 11 
15 min. 190,000 11 
1800° F. 3 min. .102’ 194,000 11 
6 min. 192,000 13 
10 min. 185,000 ll 
15 min. 191,000 10 
Taste III 
Time at T.S. lbs. per 
Heated to temperature Dia. wire 8q. in, Torsion in 8” 
1400° F. 15 min. SNapase 85,000 46 
1500° F. 15 min. 123,000 10 
1600° F. 15 min. 151,000 6 
1700° F. 15 min. 190,000 i 
1800° F. 15 min. 191,000 10 


Table II shows the decidedly bad influence of too short a 
time of heating on the torsional properties of the wire when a 
temperature of 1700° F. is used. 

The next heat treatment investigated was that of reheat- 
ing an air-hardened wire to various temperatures. The 
results of this are shown in Tables IV and V. 


TasLe [V 
Reheating ; ; T.S. Ibs. Per cent. Per cent. Torsions 
temperature Dia. wire per sq. in. elong. in 10’ Cont. Area me 

As air-hardened .102” 191,000 3.0 44 9 
900° F. 183,000 3.0 56 12 
1000° F. 170,000 3.4 57 12 
1100° F. 128,000 6.2 72 12 
1200° F. 101,000 9.0 12 31 
1300° F. 99,500 9.5 76 31 
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TABLE V 
Reheating time 

at 1300° F, Dia. wire Sng ie: ne 10” ent se rhea 
1% min. .222"" 120,000 6.2 67 i 

3 min. 110,000 9.0 66 8 
416 min. 105,000 12:0 73 12 
6 min. 105,000 12.4 68 13 
7% min. 104,000 RD: 72 le 
Fee min: 96,000 ab Mey é 69 19 


As shown in Table IV, there is a decided increase in the 
elongation and torsional properties on reheating the air- 
hardened wire to 1200 to 1300° F. The effect of time of 
reheating is also shown in Table V. 

From the above typical heat treatment tests, it was con- 
cluded that this material, air hardened and then reheated to 
either 1200 or 1300° F., could be used as a basis of the next 
step in this investigation, which was the method of drafting. 


DRAFTING EXPERIMENTS 


Table VI, following, shows the results of some of the 
drafting practices tried on the physical properties of the 
finished wire, starting with wire heat treated as outlined 
above. 

It is noted in Method ‘‘A,”’ the wire ceased to increase in 
tensile strength after the eleventh draft, but that with the 
heavier single drafts used in Methods ‘‘B,” ““C” and “D,”’ 
higher tensile strengths were obtained, as well as improved 
torsional properties, so that the material was brought within 
the physical requirements of rope wire. In a similar manner, 
the drafting practice on annealed stainless iron was investi- 
gated, but this was given up, as the maximum tensile strength 
obtained was only 150,000 pounds per square inch—too low 
for rope wire. Likewise the drafting of air-hardened wire 
reheated to temperatures under 1200° F. was investigated, 
but this produced wire of inferior toughness. 

In conclusion, it can be stated there has been put into 
service, air-hardened service strand and rope produced from 
stainless iron material, followed by reheating to 1300° F., and 
then drawn into wire in accordance with Method ‘‘D”’ shown 
below. This strand and rope are being tried out under con- 
ditions of severe exposure to salt water and salt water atmos- 
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TasBLe VI 
Method of Drafting ‘‘A”’ 
Per cent. Per cent. . 
T.S. lbs. per elong. in Cont. Torsions 
Drafts Dia. wire sq. in. 10” Area in 8” 
.2215''* 96,000 te 70 19 
1 .2075 117,000 2.8 76 8 
2 .1910 125,000 2.4 66 4 
3 .1760 126,000 3.2 62 4 
4 1615 130,000 3.2 62 4 
5 .1500 135,000 3.3 62 4 
6 .1355 140,000 3.2 61 4 
id .1255 143,000 nae oe 4 
8 .1150 151,000 3.0 51 8 
9 .1085 153,000 Pa 55 8 
10 .099 164,000 2.6 49 8 
11 -0915 173,000 te 51 9 
12 .084 173,000 Sard 36 12 
13 O77 173,000 ie 47 15 
Method of Drafting ‘‘B” 
12215'"* 96,000 5 erg 70 19 
1 .2015 118,000 2.4 70 8 
2 .1810 127,000 2.6 65 4 
3 .1620 137,000 2.8 76 4 
4 143 144,000 2.9 69 + 
5 127 150,000 2.7 60 5 
6 abd 155,000 2.5 56 5 
r6 -1023 161,000 2.4 54 6 
8 .092 176,000 2.7 52 9 
9 .082 178,000 2.4 42 14 
10 .073 188,000 rae 35 19 
Method of Drafting ‘“C”’ 
.2alo* 96,000 i erg 70 19 
1 .1960 116,000 3.5 73 9 
2 -1700 127,000 2.5 68 6 
3 1472 141,000 ay 64 Y f 
4 .1267 151,000 sarah 60 rf 
5 .1105 159,000 2.2 55 7 
6 .094 173,000 ane 54 12 
7 .082 182,000 2.5 46 20 
Method of Drafting ““D” 
22L5/** $6,000 Live 70 19 
1 -1885 124,000 2.4 67 4 
2 .1580 138,000 2.4 61 4 
3 1315 149,000 2.8 56 5 
4 .1110 156,000 2.5 54 5 
5 .0937 170,000 as 50 14 
6 0775 187,000 2.2 46 31 


* Wire as heat treated. 


phere. While the period of exposure up to this time has been 
comparatively short, they are reported to be a substantial 
improvement over galvanized carbon steel rope wire under 
similar conditions of exposure. 
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MANUFACTURE OF ARTIFICIAL GRINDING WHEELS 


The operation consists of finishing, by grinding, the ends 
of manganese steel track pieces such as railroad crossings, 
frogs and switches. The operation is similar to that of grind- 
ing the end of an ordinary rail, so that the face or end of the 
rail will be at right angles to its length. The grinding wheel 
is mounted on what is termed a ‘‘ wet grinder.”” The wheel is 
rotated at a speed of 525 R.P.M., with a pendulous oscillating 
movement across the end of the rail. At times as much as 
three quarters of an inch of metal is removed. 

The wheel originally was a quarried sandstone, 40 inches 
in diameter, 18 inches thick, with a hole 17 inches in diameter 
through it. They were far from uniform in hardness. Their 
life varied from two days to two weeks, the amount of metal 
removed having a large influence on their life. 

The wheels became poorer in quality, so much so that they 
were slowing up production, and as it became more difficult 
to obtain them, it was thought advisable to look for a new 
source of supply. 

It was suggested that an artificial wheel could probably be 
made, that would be equally as efficient as a sandstone wheel, 
and more readily available. The first experiment covered the 
use of a sharp white sand as an abrasive, with cement as a 
bond. In other words, the wheel was a high-grade piece of 
concrete. This wheel was fairly successful, but did not cut as 
rapidly as was desired. The purchase of commercial abrasive 
used in the manufacture of grinding wheels was considered, 
but was found quite expensive. 

As a large number of grinding wheels are used for finishing 
the manganese steel castings at this plant, there was a con- 
siderable amount of so-called ‘‘stubs,” or remnants of used 
wheels on hand. These were of the vitrified type, which are 
made by mixing high-grade clay with abrasives such as 
alundum, carborundum, ete. The wheels are burned in a 
kiln, the clay vitrifying at a high temperature, this forming 
the bond cementing the grains of abrasive. This is the type of 
wheel familiar to the grinding trade. _ 
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The idea in using the discarded stubs, was to take advan- 
tage of the abrasive composing them. Most of the stubs 
were from 34 to 1 inch thick, and about 5 inches in diameter. 
They were crushed in a pug mill, until they were reduced to a 
finely granulated condition. The material was then sieved 
through various meshes, so that grains of abrasive were 
obtained in different sizes. Much of the clay bond adhered to 
the grains. The material was blown by air to make it as clean 
as possible. 

Wheels were made of this material, using cement as a 
bond. The process known as dry mix was used, the mixture of 
cement and abrasive being slightly moistened, enough so 
that a small amount being squeezed in the hand, would retain 
its shape. After the wheels had set somewhat, they were sub- 
merged in water and allowed to absorb it for a period of 10 or 
12 days. They were permitted to age as long as possible 
before use. These wheels gave very good service and opera- 
tion on this basis was continued for some time. 

A rubber-bonded grinding wheel was later adopted in the 
small sizes, in place of the vitrified wheels. Rubber is used as 
a bond in place of clay as in the ordinary wheel, and it was 
discovered that the rubber bond could be burned out of the 
wheel remnants. This practice was resorted to, the result 
being a 100 per cent. abrasive, which was clean and free from 
the clay bond encountered when using the vitrified wheel 
remnants. 

The temperature was not harmful to the abrasive, the 
resultant product being as good as that purchasable from the 
abrasive manufacturers. This refined abrasive is now used, 
the resulting wheel being far superior to any wheel the devel- 
opers have so far used, besides being a measure of safety. 


FERRITE GRAIN 


In dealing with steels of a high order of quality, we con- 
sider the inherent purity of the ferrite grain as being a vital 
necessity, whether the final attributes of that steel be fully 
induced by suitable heat treatment, or availment be made 
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of the immediate attributes of the steel in its fabricated but 
untreated condition. 

The physical chemist with his X-ray methods and spectro- 
scopic investigation, has already thrown considerable light on 
the actual behavior under severe tension of such a grain, and 
has shown how it can be modified for the better by certain 
alloy additions which either cleanse it, or enter in part 
directly into solid solution in it; also on how it can be modi- 
fied for the worse by the solid solution in it of certain poison- 
ous elements, or of their compounds. 

Some of these poisonous elements or their compounds are 
already well recognized; the presence in ferrite of other ele- 
ments, or their compounds, is casually recognized, but their 
potential powers of poisoning are frequently not well recog- 
nized; furthermore other compounds may remain to be dis- 
covered, and their possibly poisonous actions on ferrite 
investigated. That program, I think you will allow, opens up 
a very wide field of investigation. 

Considering the question from the broadest possible view, 
pure iron being an element, has associated with it certain 
definite physical attributes, in a certain definite set of physi- 
cal conditions or phases. Provided that the same state of ulti- 
mate purity, not merely a freedom from the usual, recog- 
nized impurities, pertains to it, those attributes remain con- 
stant in respect to physical conditions. And the most 
prominent of them are a high degree of ductility and a very 
great resistance to the disintegrating action of frequently 
repeated strains and stresses well below its actual strength, 
or at any rate far below the actual strength of the com- 
plex commercial metal of which it may form the base or 
foundation. 

The engineering demands of our modern civilization pre- 
clude the employment of iron in its softest and purest form 
to any appreciable extent, and require its conversion to its 
stronger colleague steel. This conversion in the case of 
‘‘nlain”’ steels means the correct combination of it with, and 
distribution in it of, the elements carbon and manganese, both 
of which elements, in the compound forms which they as- 

21 
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sume, detract from such ductility and resistance to disin- 
tegration as pertain to the ferrite, while they add to its 
strength. Should it not naturally follow that the greater the 
ductility, and ‘‘fatigue” or ‘‘shock”’ resistance, of the initial 
ferrite, the greater the lengths to which the useful strengthen- 
ing can be carried by such means? 

The function of heat treatment is still further to improve 
the strength, while retaining the ductility, of such a complex. 
Primarily, it seeks to bring about that state of formation and 
distribution of the carbon compounds or carbides in the steel, 
in which they reach their maximum of effectiveness. Their 
fundamental attributes are severely affected by the funda- 
mental attributes of the ferrite, which is an integral and may 
be an alloyed constituent of them; the extent of their distri- 
bution is further effected by the inherent nature of the ferrite 
through which they move. Broadly speaking, the purer the 
ferrite, the better their distribution in plain carbon steels. 

So that, from every point of view, any movements tend- 
ing towards securing the acme of quality in the ferrite grain 
are legitimate ones, and the subject is worthy of the most 
exhaustive investigation. 


ALLOY STEELS 


Much work has been done in this field; much remains to be 
done in it, especially regarding the further investigation of 
the actual ‘“‘mechanism” by means of which various alloy 
additions function in steel, their cumulative action upon the 
other constituents, beneficial or deleterious, of the steel into 
which they enter, and such modifications as may be effected in 
their action by the fundamental nature of “the base upon 
which they build.’”” So vast is the territory indicated to be 
explored properly to secure full observations in these various 
regards, that the mentality and physical resources of the scien- 
tific investigator must be taxed to the full. 

But a few words from the layman as to the present general 
aspect of the alloy steel question may not be out of place. 

Excluding those alloys of manganese and of silicon, which 
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are so well recognized, as incidental to good steel making, 
steel-making alloys may be classified under two main heads: 


1. Cleansing or scavenging alloys, and 
2. Additive alloys. 


In other words, alloys falling under the second caption 
exercise their beneficent action by remaining as constituent 
of the final steel; concerning those which come under the first 
heading, the products of their beneficent action disappear to 
slag, analogously to the way a cake of soap disappears when 
one washes with it. 

Apart from these two main groupings, a further subdi- 
vision of the second must be made, into (A), those additive 
alloys which remain in (solid) solution in the ferrite, and 
(B), those additive alloys which exercise their ameliorating 
powers entirely by entering into the constitution of the car- 
bides. Perhaps the most familiar instance of subdivision (A) 
is found in nickel, and in subdivision (B) in chrome ; some 
additive alloys overlap in that they act in both ways, e.g., 
molybdenum. 

An alloy may conceivably not only act in both subdivi- 
sions of group (2), but may at the same time exercise a part 
of its action in group (1): we find an instance in vanadium, 
which is found mainly in the carbides, to some degree in solid 
solution in the ferrite, and is at the same time a powerful 
nitride-scavenger, and a weak oxide scavenger. 

Consideration of alloy additions is closely interwoven with 
the thoughts that have already been expressed on the 
“ferrite grain”; scavenging an already poisoned ferrite may 
in some instances go a long way towards effecting its ulti- 
mate purity; and while it has already been said, that the 
freer the ferrite from impurities, the better is the condition 
and the distribution of carbides in the heat treated steel of 
which it forms the main constituents, it is quite logical fur- 
ther to assume that certain complex ferrite magmas may 
function even more perfectly than pure ferrite in this regard. 
In point of fact, scanty evidence already points to the benefi- 
cent action of one alloy in this direction, but so much remains 
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to be found out that even in this one field the combined 
efforts of the physical chemist and of the metallurgist find a 
wide scope. 

The few examples of technological studies referred to in 
the preceding pages, constitute an almost infinitesimal pro- 
portion of the total studies completed and in progress. 


ASSISTANCE TO CUSTOMERS 


In addition to such studies, the technological departments 
of the steel industry are continuously employed in assisting 
customers to overcome troubles of various natures which 
they have encountered in using steel, these cases being pre- 
sented under the assumption that some inherent steel con- 
dition is responsible for the trouble. In most cases, study and 
observation by our metallurgists discover the cause, which 
comparatively seldom is due to faults in the steel condition, 
and suggest the remedy: mutual benefit is derived from these 
investigations. 

The Technological Departments of the steel industry are 
frequently called upon, also, to coéperate with customers in 
formulating steel specifications and in developing grades of 
steel which can be worked by the customer with his equip- 
ment, for a given purpose. There are so many eases of this 
sort that it is futile to cite specific instances and such cases 
apply to every branch of finished products. 

This lengthy paper is at last drawing to a close. In it, our 
endeavor has been to show the influence and necessity of 
technological studies upon the steel industry. Examples 
have been cited in practically every prime step necessary to 
convert iron ore into finished steel. 

Unquestionably steel product has received as much 
technical thought, study and labor, as has any other product 
of mankind. Carefully thought out ideas, efforts and 
methods, as well as casual ones, have always been, when 
developed as sufficiently promising, crystallized into actual 
production as rapidly as practicable, and the public has in 
each case profited directly or indirectly by such improvement. 

The steel industry is highly organized technologically, as 


: 
: 
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well as otherwise; it was born of chemistry, and chemistry and 
applied science have been mainly responsible for its growth 
to its present-day commanding position in the commercial 
world. 

As an example of the extent to which technological con- 
trol is exercised in this industry, the United States Steel 
Corporation and its subsidiary companies, operate 179 labora- 
tories devoted to chemical, physical, microscopical, metallo- 
graphical and other testing, these laboratories directly 
requiring a total force of 2,115 employees, and the rest of 
the steel industry of this country unquestionably has pro- 
portionately as many. 

In addition to those directly employed in laboratories as 
above, there are numerous technically-educated men em- 
ployed throughout the operations of the industry, mostly 
occupying responsible positions, and applying their technical 
knowledge to the continual improvement of the art, thus 
ensuring the progress of the steel aaaisizye in the future will 
continue as in the past. 


Mr. ScuwaB: We will now have a discussion of this paper 
by Professor George B. Waterhouse, Massachusetts Insti- 
tute of Technology, Cambridge, Massachusetts. 

Mr. Waterhouse is absent; he could not be here today, so 
that our secretary will read his discussion. 

Discussion By G. B. WATERHOUSE ; 
Professor of Metallurgy, Massachusetts Institute of Technology, 
Cambridge, Mass. 

It has been a great pleasure to read the careful paper pre- 

pared by Mr. W. A. Forbes on “Technological Problems of 


the Steel Industry.”’ The industry is so great, and the num- 


ber of problems so many, that Mr. Forbes’ paper has by no 
means exhaustively covered the subject. It has, however, 
dealt with a great many of them in a most interesting and 
valuable way. There is a short statement towards the end of 
the paper that should not go unchallenged, namely, that the 
steel industry was born of chemistry. This is not true, 
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historically, for the industry had assumed large proportions 
and was meeting the needs of communities before chemistry 
became the handmaid and originator of industries. However, 
our industry was quick to seize upon the aid that chemistry 
could give, and as Mr. Forbes has pointed out so splendidly 
is using chemistry in almost every phase of its productive and 
research work. 

Great attention is drawn in the latter part of the paper to 
the need of careful examination of the internal structure of 
iron and steel. This examination constitutes part of the 
science of metallography or physical metallurgy. Upon it the 
wonderful results obtained by heat treatment and in the use 
of alloy steels very largely depend. This science is used in 
many branches of industrial work apart from ours, and is the 
direct outgrowth of our industry. It is founded upon work 
started in Sheffield by Dr. Henry Clifton Sorby about 1860 
and carried forward by others directly interested in iron and 
steel production and research, such as Osmond, Stead, 
Arnold, Howe, Le Chatelier, Sauveur, ete. 

It is of interest to notice the reference to the number of 
papers presented before the Institute, namely, 210 since 1910. 
They are of a very high order of excellence and represent very 

careful and painstaking work on the part of their authors. In 
a great many cases they give the final results obtained on the 
subjects covered and are properly regarded as authoritative. 
When these papers are considered in connection with the 
large number of others presented before the technical soci- 
eties of this and other countries, also the splendid articles 
appearing constantly in the technical magazines, it is hard to 
understand the criticism often expressed that our industry is 
not prominent enough in research and technological develop- 
ment. It must also be remembered that the technical workers 
are-many of them too busy to prepare and present papers or 
articles covering their work, and that many subjects are care- 
fully handled and the problems solved without any publicity 
being given to the work. 

It is almost invidious to select portions of Mr. Forbes’ 
paper for special mention, but the sections dealing with coal, 
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coke, blast furnace practice and steel-making proved particu- 
larly interesting. The splendid results obtained with the 
washing and treatment of coal on such a large scale are 
remarkable. The value of clean coal, low in impurities, is so 
great in our industry that it is very encouraging to read of 
such results. The section on the open-hearth process is very 
carefully written and is most illuminating on the good results 
now being obtained. It is very striking to see the increasing 
use made of coal tar as a fuel, and raises the question whether 
this is the best use to make of such a valuable raw material 
for the chemical and allied industries. The attention paid to 
residual manganese in the steel bath is fully justified and it is 
interesting to see, throughout the paper, the increasing care 
that is being given to the quality of the various products in 
addition to tonnage output. 


Mr. Scuwas: We will now have a paper on ‘“‘A Steel Mill 
Boiler Plant,” by Mr. D. L. Mekeel, Chief Engineer, Jones 
& Laughlin Steel Corporation, Pittsburgh, Pennsylvania. 


A STEEL MILL BOILER PLANT 


D. L. MEKEEL 
Chief Engineer, Jones & Laughlin Steel Corporation, Pittsburgh, Pa. 


The ideal condition for a steel mill is to produce suffi- 
cient power from the blast furnaces to completely process the 
steel products. 

We are all endeavoring to approximate this goal as nearly 
as may be practicable; but in locations where coal is cheap 
we naturally are not justified, on account of the required 
investment, to reach as far in this direction as in the dearer 
coal markets. Coupled with this condition, we have many 
works which carry on to a more highly finished product in the 
same plant, calling for additional power for the processing. 

In view of the above conditions, there are many places 
where power will be produced from coal-fired steam for 
many years to come, and it is one of these with which we 
have to deal. 

Material advances have been made in the art of steam 
production during the past few years making available 
material operating savings in new plants as compared with 
the majority of plants now in steel mill operation, many of 
which were built piece-meal; and as well as not being up to 
modern standards, are not codrdinated within themselves to 
produce good operating efficiency. 

While the last word has not been said in steam generation, 
it is unlikely that very material farther strides will be made 
affecting over-all economies of boiler plants, capital charges 
included, for some time to come, so the investor in a proper 
boiler plant today puts himself in a comfortable position. 

The Jones & Laughlin Steel Corporation, due to its 
cheap and convenient coal supply and the production of 
highly finished products in the same plants as the primary 
operations, is one of the steel makers who will doubtless 
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' find it profitable to produce a percentage of their power from 


coal-fired steam for a long time. 

The boiler house which we will discuss does not, on 
account of cheap fuel, contain all the devices to capture and 
hold the last B.T.U., but we believe goes as far as is eco- 
nomical from a financial standpoint under the conditions, 
and possesses a reliability, simplicity and flexibility well 
adapted to carrying satisfactorily a steel mill load. These 
qualities are of primary importance. 

In this case also the speed of execution of the engineering 
and construction, as well as some features of the foundation 
construction, are of especial interest. 

At the South Mills of the Aliquippa Works steam for mill 
engines, pickling, heating, etc., has heretofore been supplied 
from stoker-fired boilers, burning coke breeze and some coal, 
operating at 150 pounds’ pressure. These normally developed 
about 5000 boiler horse-power. Steam for operating the 
turbo-generators located at this point has been supplied 
from boilers using waste heat from rectangular coke ovens 
and operating at 200 pounds’ pressure. These developed 
normally about 10,000 boiler horse-power, a total of about 
15,000 boiler horse-power which, with immediate and con- 
templated development, would soon be inadequate. 

The waste-heat boiler plant has given satisfactory ser- 
vice for a number of years, but the abandonment of these 
coke ovens and the replacement of their capacity with by- 
product ovens renders the boilers no longer of use, as they 
are not set or arranged in a way to permit of adapting them 
to satisfactory coal firing. 

After considering all the alternatives, it was decided to 
construct a thoroughly modern boiler plant which would com- 
pletely replace the waste-heat plant and limit the stoker-fired 
plant to burning such coke breeze as might be available. 
Equipment was sought which would be simple, reliable and 
which would embody the latest proved developments in the 
art, produce the highest economic result, and be of a design 
which could readily take advantage of such improvements as 
might become available in the future. 
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The electric power plant equipment is capable of using 
steam at 225 pounds gauge pressure and 120 degrees super- 
heat. In order to deliver this pressure to the turbines and 
thus secure the maximum efficiency of which they are cap- 
able, boilers were purchased for a working pressure of 250 
pounds gauge and provided with superheaters to give the 
desired total steam temperature. A pressure reducing and 
desuperheating system is provided, through which steam 
from this boiler plant may be fed into the 150 pound system 
when the available coke breeze is not sufficient to produce 
the low pressure steam demand. 

A site was available convenient to the river coal hoist 
and near the generating station where the bulk of the steam 
from the new plant will be used. 

Study of the present steam demands and consideration 
of probable developments in the near future indicated the 
desirability of providing a developed boiler capacity of 
about 20,000 horse-power. The available space for boiler 
house construction was such that this capacity could be 
secured through the installation in a single row of five boilers 
of 1900 nominal horse-power to operate normally at about 
200 per cent. of rating. As the plant is constructed, there is 
space for the future installation of two more boilers, one at 
each end of the boiler house. 

Pulverized fuel firing was chosen as embodying the best 
modern practice, lending itself to future development and pro- 
ducing an economic operating result. Unit type pulverizers 
with air register type burners though not quite as high in 
efficiency as the central pulverizer plant system, cost some- 
what less and with the low cost of coal prevailing at this 
plant were figured to produce, including fixed charges, a 
lower over-all steam cost. 

Successful operation with the rates of combustion con- 
templated requires adequate cooling of furnace walls in 
order to prevent serious slagging and scouring. The vertical 
bent tube type boiler lends itself to this system in that the 
boiler tubes form the upper rear of the furnace and a portion 
of the front row of tubes may be so extended down and over 
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the rear wall as to leave no unprotected brickwork at the 
rear of the furnace. The type and general arrangement of 
boilers is shown in Fig. 2. 

The use of air preheaters or economizers would improve 
the boiler plant efficiency but with the low fuel cost the 


Fia. 2.—General Arrangement of Boiler Plant. 


improvement in efficiency would not produce sufficient 
saving to return a satisfactory profit on the additional 
investment involved. 

To assure complete combustion the furnaces were 
designed for a maximum heat liberation of about 25,000 
B.T.U. per cubic foot per hour, requiring 10,300 cubic feet 
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of combustion space. The front and side walls are hollow 
and are cooled by drawing air for combustion through them. 

Pulverized fuel burners use a current of air for transport- 
ing the pulverized coal to the burner and into the furnace. 
The air so used which is not sufficient for complete combus- 
tion is called ‘‘ primary air,” (see Fig.3), and is drawn through 
the hollow walls of the ash hoppers accomplishing the double 
purpose of cooling the hoppers and providing hot primary 
air. The air required in excess of the primary air is drawn 
through the furnace front and side walls, as noted above, and 
delivered to the burners by individual fans, and is called 
‘““secondary air.’”’ (See Fig. 4.) 

Each boiler is provided with two A.C. motor-driven unit 
type pulverizers and two burners having a combined capacity 
of 20,000 pounds of coal per hour which is sufficient to run 
the boiler at about 320 per cent. of rating. One pulverizer 
and burner can be operated to produce from 75 per cent. toa 
little over 150 per cent. of boiler rating. This broad range in 
rating permits great flexibility in plant operation. 

Draft sufficient to secure the maximum ratings at which 
it is desired to operate the boilers is provided by a self- 
supporting natural draft stack, 250 feet in effective height 
and 20 feet in diameter. The stack is of steel, brick-lined and 
superimposed upon the center of the building structure. An 
insulated steel flue runs longitudinally along the roof directly 
above the boiler damper openings and vertical uptakes con- 
duct the gases into it from the boilers. This stack is of suffi- 
cient size to handle the gases from seven boilers at 300 per 
cent. of rating. 

Coal is conveyed from the main mill receiving and crush- 
ing plant to the boiler house by an inclined belt conveyor, 
(see Fig. 1), and delivered directly into an overhead sus- 
pended steel bunker having a capacity of 2000 short tons, 
sufficient to operate the boiler plant for about forty hours. 
Chutes leading from the bunker to each pulverizer are pro- 
vided with gates which may be operated by chains from the 
operating floor. (See Fig. 2.) 

The feeders which regulate the flow of crushed coal to the 
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SECTIONAL VIEW SHOWING PRIMARY. AIR SYSTEM 
Fia. 3.—Sectional View, showing Primary Air System. 


eu vee | 


RES naw S 


c 
M 
A 


FLOW OF SECOMAARY, AI 


u a ear By 
= 4 r FLOW OF Perna alk 6 
{ 
le 
u 
Flow Of SECOMOARY i 
EL. 714+0>_ pie: ibm ill 


SECTIONAL VIEW SHOWING SECONDARY AIR SYSTEM 
Fia. 4.—Sectional View, showing Secondary Air System. 
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pulverizers are also located at the operating floor level, as 
are the other controls for operation of the boilers. 

Ash from the furnaces and rear of the boilers is discharged 
periodically into a hydraulic sluiceway running the length 
of the boiler plant to a pit outside at the end of the building. 
Refuse is accumulated in this pit and removed from time to 
time to standard gauge car by locomotive crane. Operation 
to date has indicated that about 15 per cent. of the ash is 
caught in the hopper, so that 85 per cent. dust passes out 
of the stack. 

~The feed water, a mixture of condensate and treated river 
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Fig. 5.—Diagram of Boiler Feed Water and Steam Lines. 


water, is heated with the exhaust steam from a 750 kilowatt 
house turbine located in the power plant, augmented when 
necessary by steam bled from the main generating units. 
The feed water mains are in duplicate and form a loop. (See 
Fig. 5.) 
W A single steam header is provided connecting at one end to 
the generator station and low pressure system. There is no 
loop or connection from the other end, it being thought that 
duplication for emergencies with the necessary numerous 
valves to make it effective would carry possibilities of trouble 
which the simpler construction would avoid. (Figs 5.) 

The building is of steel frame construction, sheathed with 
corrugated iron and supported upon a pile foundation. The 
boilers are hung from the building steel so that no separate 
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foundations or steel work are required for them. The side 
facing boiler fronts is provided with ample window area thus 
securing natural light during daylight hours. 

In designing the plant the main considerations were 
simplicity, ease of operation and an efficiency commensurate 
with the low fuel cost. Operations incident to handling the 
boilers and furnaces are confined to the operating floor. The 
pulverizers themselves require very little attention during 
operation and their location on the basement floor permits 
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CROSS SECTION SHOWING BOILER HOUSE FOUMORTIOM 


Fig. 6.—Cross Section, showing Boiler House Foundation. 


dismantling and repairs without interference with boiler 
operation. Platforms are provided connected by stairways 
from which all valves can be operated and all normal operat- 
ing functions carried out. Monorail hoists are provided over 
the pulverizers and their driving motors to facilitate repair 


work. 
Tests made during March indicate the following operating 


efficiencies: 
100 per cent. rating wii. a a2. es oe 79 per cent. 
150) permCemb pAb Se iev ile tr er ee 79 per cent. 
DOOwper cents PALME an aac tlmegere At ec 78 per cent. 
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The foundation for this installation presented a puzzling 
and interesting problem. It had been the intention to use 
spread foundation directly on top of the slag fill which is 
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Fia. 7.—View of Boiler Plant, looking North, showing 
Coal Conveyor in foreground. 


Some fifteen feet deep at this point. The ground drillings 
show some twenty feet of mushy clay under this slag, and 


below that, about twenty-five feet of sand and gravel to bed 
rock. (See Fig. 6.) 
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Had the site been well removed from the river bank, it is 
possible the construction might have been carried out as first 
planned, but in this location the river bank being near, it was 
feared that the soft material might be pushed out. 


wy 


Fig. 8.—View of Boiler Plant from the River. 


As it was considered impracticable to drive piles through 
slag, it was at first believed it would be necessary to excavate 
to the clay, drive concrete or wooden piles to gravel, capping 
them with a re-inforced concrete mat to distribute the heavy 
concentrated loads, in some cases as high as 800 to 1000 tons. 


340 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


The rectangular ovens which were very close to the site 
would have to be shored up and kept in operation. This we 
considered both an expensive and risky procedure. The work 
on this narrow site, lying between the railroad tracks and the 
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Fig. 9.—View of Boiler Plant, looking South. 


rectangular ovens with the generating station at one end, 
must be entirely handled from one narrow end. All the 
excavated material must be removed through this neck and 
piling and equipment with concrete material for the mats 
brought in the same way, a slow, expensive process. 
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As against this, the scheme which was adopted was that 
of pipe piling; consisting of driving 16’”’ O.D. pipe the full 
distance of 60 or 65 feet through slag, clay, sand and gravel 
to rock, cleaning out the same and filling with concrete. This 
enabled us, by using the allowable loading of 100 tons per 
pile, to greatly reduce the number of piles, save a consider- 
able amount of money in the cost of the excavation and 
reinforced mats, avoid all risk to the rectangular coke ovens, 
and to have the foundations ready in much less time than 
otherwise would have been possible. 

As time was a vital element in this job, the type of foun- 
dation adopted proved very fortunate in speed of execution 
as well as in cost and quality of design. The job containing 
some 158 piles, each 64 feet long, a total length of about 
10,000 feet of 16’’ pipe was driven, cleaned out and concrete- 
filled with sufficient foundation caps to allow the steel 
erection to start 43 days after starting the driving of piles, 
virtually no excavation being necessary, as the ground level 
was a few feet below floor level. 

The general speed of the work was excellent. The 
engineering contract for designing the plant was signed May 
14, 1926. Foundation work was started June 30. First 
structural steel was set August 12. First boiler was put in 
operation November 22. The entire plant was ready for ser- 
vice early in January, 1927, about 250 days after signing the 
engineering contract, and slightly over six months after work 
started on the site. 


Mr. Scuwas: We will just have an announcement by the 
secretary and then we will adjourn. 

Mr. Cuarke: I want to ask you again to deposit your 
railway certificates when you go out. Luncheon will be 
served to the members in the West Ball Room, and there will 
be a meeting of the board of directors at the east end of the 
corridor, immediately at the close of this session. Please be 
punctual for the dinner this evening. 
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AFTERNOON SESSION 


A recess was then taken until two o’clock. Members re- 
assembled at the appointed time in the East Ball Room, Mr. 
John A. Topping, Vice-President of the Institute in the chair. 

THe CuHarrMan (Mr. John A. Topping): I have been 
requested by Mr. Schwab to open the afternoon session. I 
think we will have a full attendance and good attention. The 
first paper on the afternoon program is ‘‘ The Evolution of the 
Wide Strip Mill,” by Mr. Stephen Badlam, Consulting Engi- 
neer, Pittsburgh, Pennsylvania. 


THE EVOLUTION OF THE WIDE STRIP MILL 


STEPHEN BapLam 
Consulting Engineer, Pittsburgh, Pa. 


The outstanding achievement of the present decade, in 
the history of the rolling mill, is the development in the art 
of rolling wide, thin sections, as exemplified by the wide strip 
mill and the continuous sheet mill. 

The rolling of wide, thin sections has developed along 
two distinct and originally widely separated lines. 

First: the rolling of strip, characterized by limitations in 
width and gage, rather than in length. — 

Second: the rolling of sheets, characterized by limitations 
in length, rather than in width and gage. 

In 1924 strip was obtainable in widths up to 24 inches and 
in lengths as long as were demanded. Sheets were obtainable 
in widths as wide as were demanded (to about 54 inches) but 
were limited in length. 

Strip was produced from billets and slabs, and in units 
from 100 pounds up to 2000 pounds in weight, and was fin- 
ished at delivery speeds up to 1000 feet per minute. 

Sheets were produced from sheet bars,.and in units from 
12 pounds up to 70 pounds in weight, and were finished at 
delivery speeds of about 240 feet per minute. 

Strips were always rolled single, while sheets were gen- 
erally rolled in ‘‘ packs.” 

In the year 1924 a sheet mill was placed in operation that 
produced sheets by a continuous process, in widths up to 45 
inches and in lengths up to 30 feet. In 1927 a product was 
placed on the market, in widths up to 36 inches, having 
characteristics of both strips and sheets, but without the 
previously existing dimentional limitations of either. ‘This 
new product approximates to strips in length, to sheets in 
width, and to both, in gage and physical characteristics. For 
the purposes of this paper it will be designated by the term 
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‘broad strip” to distinguish it from what has been termed 
‘‘wide strip”? and which ranged from 12 inches to 24 inches 
in width. 

During the present year two additional broad strip mills 
have gone into operation, and a third is well under way for 
the production of material 24 inches to 48 inches in width. 

In its earliest stages, strip steel was merely a special 
product of the merchant bar mill, and was rolled, along with 
other thin, flat sections, such as pipe skelp, in the ordinary 
merchant mill. During the period from 1890 to 1900, how- 
ever, the increasing demand brought it into the specialty 
class and special mills were built for its production. 

This differentiation took place first in the narrower sizes, 
from 3 inches down to %% inch wide, and from 16 gage 
(.065 inch) to 22 gage (.028 inch) in thickness, which were 
known as “‘hoop.’”’ The period from 1890 to 1896 was one of 
rapid development of the narrow mills, and by the latter year 
it was practically complete, culminating in the Morgan mill 
built for the American Steel Hoop Company at the Upper 
Union Mills in Youngstown, Ohio. (See Fig. 1.) This mill 
was designed specially for the production of light hoop and 
cotton tie. It is still in operation, and for capacity and 
economy has hardly been exceeded to the present day. 

The production of pipe skelp, 4 inches wide and over, was 
the next to separate from the parent stem, and this was 
followed by thinner gages in the wider widths, which became 
known as band. 

When the production of strip steel increased sufficiently 
to bring it into the ranks of a specialty, and mills were first 
built for its exclusive production, it was natural that they 
should be designed along the lines of the merchant mills 
with which their designers were familiar, and which had 
been producing the material. 

An excellent example of the transition from the merchant 
mill to the strip mill is to be found in the Howard Avenue 
Plant of the American Tube & Stamping Company. 

In the late eighties the Bridgeport Rolling Mill Company 
operated a merchant bar mill which was approximately one- 
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uae mile from The Wilmot & Hobbs Manufacturing Com- 
pany’s Cold Rolling Plant on Hancock Avenue. In 1893, 
The Wilmot & Hobbs Manufacturing Company, in order to 
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Fig. 1.—Cotton Tie Mill, Upper Union Mills, Carnegie Steel Company, 
1895. 
supply themselves with raw material, purchased the Bridge- 


port Rolling Mill Company and undertook to roll strip on 
the merchant mill with what was at that time an unqualified 
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success, producing strip up to 7 inches wide. The mill, as it 
existed at that time, consisted of 5 stands of 12-inch rolls in a 
line driven by one upright Corliss engine and was later 
changed to a 7-stand with the original Corliss engine on one 
end driving the first four stands and a triple expansion 
marine engine on the opposite end, driving the last three 
stands. This mill used a small 6-inch middle roll in the finish- 
ing stand and is the first example of the use of the backing 
roll principle in the hot rolling of strips of which we have. 
any record. 

This mill was operated until 1913 and then shut down:and 
held as a spare until 1918, when it was scrapped. 

The present Howard Avenue Mill was erected in 1900 as 
an 8-stand 16-inch mill for rolling wide sizes, 16 inches wide, 
down to 6 inches, but was not a success as a mill for rolling 
wide sizes and has been remodeled several times and now 
consists of two stands of 16-inch roughing, three stands 14- 
inch intermediate and five stands 12-inch with the original 
steam drive which was on the 16-inch mill. This forms the 
Howard Avenue Mill of The Stanley Works, The American 
Tube & Stamping Plant, Bridgeport, Conn. 

Another early mill of this type is the Bridgewater Mill 
of The Stanley Works, located at Bridgewater, Mass. This 
mill, as remodeled for rolling strip, consisted of three stands 
of 18-inch three-high rolls driven direct at 85 R.P.M. by an 
engine, and three stands of 14-inch alternate two-high rolls, 
in line on the same shoes, and driven by a countershaft at 
135 R.P.M. The maximum width rolled on this mill was 
10 inches. 

Among the early mills owned by the American Steel 
Hoop Company are the No. 1 Mill at the Painter Works 
(see Fig. 2), which rolled as wide as 1014 inches by 12 gage 
(.109 inch) and the No. 3 Mill at the McCutcheon Works 
which early rolled wide skelp. The Painter mill has now 
been abandoned but the McCutcheon mill is still in opera- 
tion. Both these mills were of the Belgian type with rough- 
ing and finishing trains on parallel lines, and about 40 feet 
apart. The American Steel Hoop Company, prior to 1890 © 
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also owned a three-stand 20-inch bar mill in Warren, Ohio, 
which rolled bands up to 14% inches by .140 inch, in short 
lengths, however, probably not over 30 to 40 feet. This mill 
was dismantled shortly after 1900. 


West LEECHBURG STEEL Co. 12-1IncH MILL 


In 1901 the West Leechburg Steel Company built a 
12-inch hot strip mill, that for width and thinness produced 
exceeded anything that had been attempted up to that time. 

The mill consisted of nine stands of rolls, 12-inch diam- 
eter, in line, on the same shoes. The first five stands con- 
stituted the roughing, and the remaining four stands the 
finishing. The first four roughing stands were three-high 
and the fifth roughing stand and the first three finishing 
stands were alternate two-high, the last finishing stand had 
an extra friction-driven roll placed above the top roll of the 
three-high set. The middle and bottom rolls were dummies. 
These last five sets were all flat rolls, the piece receiving one 


pass in each. 
RANGE oF S1zEs 


20 gage .035”, 216” to 4” wide 

18 gage .049”, 214” to 8” wide 

16 gage .065”, 214” to 10” wide 

14 gage .083”, 214’ to 12’ wide 

PRODUCTION 
Best turn, 101% hours, 134 tons 
Average monthly production, 3500 tons 
The above mills all represent an intermediate type and 

they were followed by mills designed to produce strip from 
12 inches to 16 inches wide for which an insistent demand 
had developed by the early years of the present century. 


AMERICAN TuBE & StampiIna Co. 16-IncH MILL 


The first mill definitely designed for the production of 
16-inch wide strip was built by the American Tube & Stamp- 
ing Company at Bridgeport, Conn., 1905. This was a 
semi-continuous mill and, as originally built, the roughing 
consisted of two parallel continuous trains, the piece passing 
through two stands of the first train, then back through one 
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pass of the same train, was transferred laterally and passed 
through four passes of the second train. It was then trans- 
ferred laterally, or looped through the two finishing stands. 
The last stand was three-high with a small middle roll, the 
bottom roll only being driven. One stand of the first con- 
tinuous train and two stands of the second continuous train 
were provided with light vertical edging machines attached 
to the horizontal roll housings and driven through a slip 
coupling. 

This mill was located in the same building as the bloom- 
ing mill, the drive for the strip mill passing under the roller 
run from the blooming mill to the bloom shear. Beyond the 
shear was a transfer by which hot slabs could be transferred 
to the rear of a continuous heating furnace, then passed 
through the furnace in an opposite direction to the strip mill. 

This mill was driven by a single engine, 39 inches by 66 
inches of 4000 H.P. through a primary and a secondary gear 
train, so arranged that the mill could be run at two different 
speeds by changing the spindles and coupling boxes, connect- 
ing the two gear trains, from one shaft to the other. 


Pass TaBLy © 


Pass Rolls Distance to Engine 
No. Type Diameter Length R.P.M. next pass HP. ReP2M. 
L yilat 16” S10 34.9 to 50.3 3o. sae 
2 Vilate. 16 30” 46.6 to 67.1 
3 vertical edger 
drops down, reverses direction 
4 flat 16” 30” 46.6 to 67.1 
raised, lateral transfer, reverses direction 
5 vertical edger 
Gy eye aka 30” 34.9 to 50.3 5’ 1134” + 4000 100 
af Seen ING 30” 46.6 to 67.1 OY BRAY 
8 vertical edger 
S flat 16” 30” 75.1 to 108.1 Diem rldie gue 
LO pilaty, 316% 30” 100.0 to 144.1 
lateral transfer, reverses direction 
Tie flat, 316” 18” 100.0 to 144.1 
lateral transfer or looping 
I2eeiate eel Gi 13:7 100.1 to 144.1 


3” } 

The original mill was very complicated in its arrangement 
and it was soon remodeled into a straight tandem roughing 
train of four flat passes and three vertical edgers, and a 
strand finishing train of four stands. 
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The raw material for the mill consists of slabs from 434 
inches to 16 inches wide, by 11% inches to 2 inches thick, and 
in lengths from 6 feet up to 9 feet, heated in an oil-fired con- 
tinuous furnace 10 feet wide inside by 36 feet 3 inches long. 
Slabs are charged into the furnace either hot, from the 
blooming mill shear, or cold, from the stock yard. Between 
the furnace and the first stand of the mill there is a slab 


Pass TABLE 


Pass Rolls Distance to Engine 
No. Type Diameter Length R.P.M. next pass HP. ar. oa 
1 vertical edger 

2 )flat 7167 30” 34.9 to 50.3 BY 1134? 

3 vertical edger 

4 flat 16” 30” 46.6 to 67.1 6 834" 

5 vertical edger 

Ghat sl GY 30” 75.1 to 108.1 5’ 1134” +4000 100 
ir ag, ~ 16" 30” 100 to 144.1 

lateral transfer, direction reversed 

8 flat. 16” 18” 100 to 144.1 

OF fataeet Gs 18” 100 to 144.1 
LO sto 16. 18” 100 to 144.1 
Lie iat LG 18” 100 to 144.1 


lateral transfer or looping, stands 8 to 11 inclusive 


RANGE OF SizEs 
18 gage .058”, 434” to 634” 
16 gage .065”, 434” to 1034” 
14 gage .083”, 434” to 14” 
12 gage .109”, 434” to 16” 


PRODUCTION 


Best turn, 12 hours, 205 net tons 
Best monthly production, 5300 net tons 


shear for cutting into lengths suitable for the finished 
product. 

Between the last stand of the continuous roughing and 
the first stand of the finishing there is a mechanical transfer, 
and between the other stands of the finishing the piece is 
either transferred or looped by hand. 

Leaving the last stand of the mill the strip is delivered 
to a double cooling bed 9 feet from center line of hot runout 
to center line of each cold runout and 95 feet long. At the 
lower end of each cold runout is a flattener and a shear for 


cut-to-length stock and a coiler for material to be shipped 
in coils. 


: 
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The mill, in its remodeled condition, has been very suc- 
cessful, producing strip from 434 inches up to 16 inches in 
width and in all gages required for cold rolling. It is still-in 
active operation, and is now owned by the Stanley Works, 
American Tube and Stamping Division. 


SUPERIOR STEEL Co. 16-IncH MILL 


In 1905 the Superior Steel Company, Carnegie, Pa., built 
a wide strip mill, which in its original design consisted of a 
single stand, three-high, universal rougher, followed by a 
five stand, alternate two-high strand train. 


Pass Tasue 


Pass Rolls Distance to Engine or Motor 
No. Type Diameter Length R.P.M. next pass HPS Ree Me. 
1 vertical edger 30 8! 134” 
2 flat 20” 24” 7% 7 634" 
3 vertical edger 25 4’ 634” 1000 120 
4 flat 20” 24” 164% 7’ 634" 
5 flat 20” 24!" 30 17’ 234” 
6 vertical edger 108 Tiere 60 
7 flat 14 20% 110 

lateral transfer, reverses direction 
8 flat 16” 207 110 3200 110 
9 flat ‘ 16” a0" 110 
10 flat 16” 20” 110 
11 flat 16” 20’ 110 


lateral transfer or looping between stands 8 to 11 inclusive 


RANGE OF SIZES 


18 gage .049’, 414” to 5” 
16 gage 065”, 416” to 934” 
14 gage .083’’, 4144” to 13” 
12 gage .109’’, 414” to 16” 
10 gage .120’, 416” to 174%” 


PRODUCTION 
Best turn, 10/4 hours, 218 tons 


The stock for this mill consisted of slabs from 5 inches to 
17 inches wide, 3 inches thick, in lengths from 24 inches to 
48 inches according to the thickness of the finished strip. 
The steel was heated in three regenerative gas-fired batch 
furnaces, each with a hearth 7 feet by 18 feet inside. 

The roughing mill was not a success at the time, probably 
due to the construction of the universal stand and not to 
any inherent defect in the principle involved. In 1906 the 
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roughing stand was taken out and replaced by a tandem train 
consisting of three flat passes and three edging passes (see 
Fig. 3). The three flat passes and the first two edging passes 
were driven by a 1000 H.P., 120 R.P.M. engine. The strand 
train was driven by a 2000 H.P. engine which was later 
replaced by a 3200 H.P., 110 R.P.M. engine. The third 


_ edger was driven by a 60 H.P., D.C. motor. 


This mill is peculiar in that the rolls of the continuous 
train are not driven through pinion stands but the top roll of 
each pair is driven through the bottom roll by overhung 
gears on the outside wabbler ends away from the drive. 

When the finished strip leaves the last stand of the mill 
it is delivered onto a cooling bed 112 feet long by 11 feet 
wide from center of hot runout to center of cold runout. 
One shear is provided for cut-to-length stock and a cropping 
shear and a reel for coiled material. 

During the period from 1900 to 1910 several other mills 
were built for the production of thin, wide flats for various 
purposes and designed along various lines. 

In 1902 the Youngstown Sheet and Tube Company built 
a mill for the production of skelp, which was in many ways 
the predecessor of the modern strip mill. This was their 
Skelp Mill No. 2. This mill consists of a three-high flat 
rougher, followed by a vertical edger and three 16-inch two- 
high stands, in tandem, spaced far enough apart, however, 
so that the piece is never in more than one stand of rolls at a 
time... This mill showed the tremendous tonnage possibili- 
ties of the continuous type of mill, running as high as 20,000 
tons per month of skelp from 7 inches to 2234 inches wide. 

In 1906 a mill was designed by Julian Kennedy for the 
Cambria Steel Company, for the production of light gage 
plates for the manufacture of agricultural shapes, such as 
coulter and harrow discs, plow plates, etc. 

This mill consists of a two-high, reversing, universal 
roughing mill, with vertical rolls on both sides, driven by a 


-_direct-connected, three-cylinder engine. The universal mill 


is followed by a finisher consisting of two stands of 22-inch 
flat rolls, each two-high, with the pinion stand between. 
23 
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The piece receives one pass in the first stand, then is trans- 
ferred laterally and receives a pass in the second stand, in 
the opposite direction. 

This mill rolls flats from 6 inches by .187 inch up to 36 
inches by 14 inch and heavier, in lengths up to 90 feet, with 
an average tonnage of 7,000 tons per month. 

The Harrisburg Pipe and Pipe Bending Company built a 
mill for the production of light plates which has since been 
used for rolling strip from 4 inches to 18 inches wide in the 
usual range of gages. 

The mill consists of a horizontal edger, followed by a 
three-high 20-inch universal rougher, and this followed by a 
three-high 21-inch finisher. All three stands are in one 
straight line, the piece passing directly from one stand to the 
next and receiving from three to seven passes in a stand with 
the exception of the horizontal edger, which is a Single pass 
only. 
The rougher is driven by a steam engine and the finisher 
by a 1200 H.P., constant speed, A.C. motor. The horizontal 
edger is driven by a 200 H.P. motor. 


AMERICAN STEEL & Wire Co. 14-1IncH MILL 


The American Steel & Wire Company at this time was 
the largest producer in the country of flat wire, as the nar- 
rower sizes of cold rolled strip steel were called, but were 
without the facilities for hot rolling any but the narrower 
widths. 

In 1907-8 they built a mill at their, then new, Cuyahoga 
Works, designed especially for the production of hot rolled 
strip steel in coils, for cold rolling purposes. This mill was 
first operated February 4, 1909 (see Fig. 4). 

For raw material 4-inch by 4-inch billets and slabs from 
5 inches to 10 inches in width, 214 inches to 334 inches thick, 
and in lengths from 44 inches up to 90 inches were used. 
These were heated in a byproduct, or producer, gas-fired, 
continuous furnace, 8 feet 3 inches wide inside by 50 feet 
long. The heated slabs were discharged onto a roller run, 
and then turned 90 degrees by a turntable to go to the mill. 
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Between the turntable and the first stand of the mill is a 
scale breaker consisting of a pair of corrugated rolls. 

The mill consists of a continuous roughing train, originally 
of six stands, and later of seven stands, and a strand finishing 
train of three double-duos and a bullhead. Two additional 
bullhead stands are located in tandem with the first, making 
three continuous in the finishing. 

The mill was originally driven by three motors, one 1800 
H.P., constant speed, A.C. motor driving the roughing 


Pass TABLE 


Pass Rolls Distance to Motor 
No. Type Diameter Length R.P.M. next pass in i OF, R.P.M. 
1 flat 167 24” 
2 flat 16144” 24" 19.4 HO 4% 
3 flat 164” 24” 26.2 ieee Se 
4 flat fie 24” 38.3 10’ 0” 
5 flat : ida 24" DS Gero 
6 flat i és 24" 82.0 26’ 6” 
7 horizontal edger 17’ 24” 130:07° 327 10” 1800 214 
8 flat 14” 24” 214 
direction reversed 3 
9 horizontal edger 14’ 24" 214 
vertical repeater 
10 flat 14” 24" 214 
direction reversed 
11 flat 14” 24” 214 
Slick repeater, piece turned over 
12 flat 14” 24" 214 
horizontal repeater, piece turned over 
13 flat 14’ 24” 214 
hand looping 
14 flat 1214” 16%, 150 te'2505 12" 0 600 150 to 250 
15 flat Bie 16” 210 t0 315 15’ 0” 800 210 to 315 
16 flat 13% 16” 260 to 390 800 260 to 390 


through ropes, line shaft, and bevel gears, and the double- 
duo direct, and two 800 H.P., adjustable speed, D.C. 
motors driving the last two stands. To this was later added 
one 600. H.P., adjustable speed, D.C. motor to drive the 
first bullhead stand. 

Leaving the last pass of the mill the strip was originally 
turned up on edge and delivered on a runout plate by a 
vibrator and then coiled on two vertical reels, no cooling bed 
or means for handling straight stock being provided. In 
1921, however, a cooling bed 208 feet long by 12 feet wide 
was added and the two reels were placed at the lower end of 
the hot runout. 


: 


— 7" 
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This mill was novel in many respects: it was the first 
wide strip mill to be driven by electric power; it was the first 
application of the double-duo, in this country at least, to the 
rolling of strip; it was the first application of the tandem 
finisher as applied to strip rolling. 


RANGE OF SizEs 


ee ee 
gage . ; eto 

16 gage 065’, 248" to 634” 
14 gage .083”, 21%” to 9%" 


PRODUCTION 
Best turn, 10 hours, 150.8 tons 
Best day, 277.4 tons 
Best week, 1276.0 tons 
Best month, 5263.0 tons 


SHARON STEEL Hoop Co. 14-tncH MILL 


The Sharon Steel Hoop Company had been engaged in 
the production of the narrower sizes of hoop and strip for 
ten years when, in 1910, they decided to build a 14-inch wide 
band mill which went into operation in the following year 
(see Fig. 5). 

The mill was designed along the lines of the American 
Tube & Stamping Company and the Superior Steel Com- 
pany mills, some few changes being made from the designs 
of the earlier mills. The steam drive was replaced with 
electric, and some of the drawbacks which had developed, 
such as too close spacing of the roughing stands, overhung 
pinions, etc., were corrected. 

The rolling starts from the usual sizes of slabs, 4 inches 
to 15 inches wide, 134 inches to 3 inches thick, and in lengths 
from 2 feet to 11 feet. The slabs are heated in two producer 
gas-fired, continuous furnaces 12 feet wide inside by 35 feet 
and 46 feet 5 inches long respectively. 

The mill consists of a tandem roughing train of three flat 
passes and two edging passes, and a finishing train of five 
stands in line. 

The mill was driven by two motors, one 500 H.P., con- , 
stant speed, A.C. motor driving the roughing stands by 
means of ropes, and one 1500 H.P., adjustable speed, D.C. 
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motor driving the five finishing stands direct. The two 
vertical edgers are each driven by a 50 H.P., constant speed, 
D.C. motor. Total H.P., 2100. 


Pass TABLE 


Pass 1 i 
No. Type be By OPN R.P.M,. ered ne He Mu, 
1 flat ise 220 85 1202 
2 vertical edger 150 10502 50 
3 flat 1s 22! 85 estos 500 190 
4 flat 18” Doe 85 ae ON 
5 vertical edger 150 UE (he 50 
6 flat har 18” 125 to 250 
lateral transfer, reverses direction 
7 flat ae LSE 125 to 250 
8 flat par 18” 125 to 250 1500 125 to 250 
9 flat 1474 18” 125 to 250 
10 flat 14” 18” 125 to 250 


lateral transfer or looping between stands 7 to 10 inclusive 


Rance or SizEs 


16 gage .065”, 3146” to 8” wide 
14 gage .083”, 3144” to 12” wide 
12 gage .108”, 3146” to 1516” wide 
10 gage .134’, 316” to 1514" wide 


PRODUCTION 
Best turn, 8 hours, 272 net tons 
Best day, 24 hours, 713 net tons 
Best month, 11,270 net tons 


The finished strip is delivered to a single cooling bed 
31 feet 10 inches from center of hot runout to center of cold 
runout, and 160 feet long. Two shears are provided for 
cutting to length, one at each end of the cold runout, and a 
cropping shear and reel at the end of the hot runout for 
stock to be furnished in coils. 

During the year 1927 the mill was remodeled by the 
addition of a new stand of finishing rolls, in tandem with the 
old finisher driven by an independent, adjustable speed, D.C. 
motor of 1200 H.P. (See Fig. 6.) 

By 1915 the rapid growth of the metal stamping and 
forming industry, the replacement of cast parts by stamp- 
ings, and the increasing demands of the automobile manu- 
facturers, as well as the war requirements, led to a demand 
for strip steel largely exceeding the supply. 

The natural result was a wide extension of the strip steel 
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Pass TABLE 


Pass Rolls Distance to Motor 
No, Type Diameter Length R.P.M. next pass HP; RPM: 
1 flat 18” 22h 85 PAO a Oe! 
2 vertical edger 150 1004 50 
3 flat 1S Py 85 17 OF De B00 190 
4 flat, 1s Papads 85 27 SU al 
5 vertical edger 150 Ue 50 
6 flat 14” 18” 125 to 250 
: lateral transfer, BE ie direction ~ : 
flat 14” 18’ 125 to 250 : 
8 flat 14” 18” —- 125 to 250 1500 125 to 250 
9 flat 14” 18” 125 to 250 
10 flat 14” 18” 125 to 250 9’ 0” 
11 flat 14” LS 200 to 400 1200 200 to 400 


lateral transfer or looping between stands 7 to 10 inclusive 


industry with increases in capacity of those concerns already 
in the business, with the addition of strip to their lines by 


several other concerns, and one new concern coming into 
the field. 


WEIRTON STEEL Co. 16-1INcH MILL 


In 1915-6 The Weirton Steel Company commenced the 
construction of a hot strip mill that for range and capacity, 
represented an advance over anything previously attempted. 
The mill was first operated December 23, 1916 (see Fig. 7). 

Slabs from 5 inches to 16 inches wide, 3 inches thick, and 
in lengths up to 11 feet formed the raw material for the mill 
and were heated in a producer gas-fired, continuous furnace 
12 feet inside and 40 feet 114 inches long. 

The mill comprised a tandem roughing train of four 
stands of which the first and fourth were horizontal edgers, 
the piece entering in a vertical position, the idea being to 
allow the scale loosened by the edging pass to fall clear of the 
piece, and not be rolled in during the next flat pass. It also 
had the effect of turning the piece over between two flat 
passes. 

Following the fourth pass was a lateral transfer to a flat 
pass and a vertical edger, then a second lateral transfer to a 
double-duo stand with two flat passes, a third lateral trans- 
fer to a second double-duo with two flat passes, and a fourth 
lateral transfer to a bullhead finisher. Back of the first 
double-duo was a runout table and back of the second 
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double-duo was a repeater that turned the piece over, around 
a drum, and then back into the other pair of rolls of the duo. 

The mill was driven by three motors, a 1500 H.P., con- 
stant speed, A.C. motor geared to the roughing and inter- 
mediate, a 2500 H.P., adjustable speed, A.C. motor geared 
to the two double-duos, and an 800 H.P., adjustable speed, 
A.C. motor geared to the bullhead. The vertical edger was 


Pass Tassie 


Pass Rolls Distance to Motor 
Type Diameter Length R.P.M. next pass HY: R.P.M. 
horizontal edger 20’ 24” 12.5 20" 
at 20” 24” 11.8 a OF 
flat 20! 24” 20.2 48’ 6” 1500 505 
horizontal edger 20’ 24” 21.4 
lateral transfer, turnover, direction reversed 
flat 20” 24” 32.0 216% 
vertical edger 19” sad 35.7 100 585 
lateral transfer, turnover, direction reversed 
flat 16” 20” 120 to 240 
rinout table, direction reversed 
flat 16” 20” 120 to 240 
lateral transfer, direction reversed, or looping 
flat 16” 20” 120 to 240 2500 180 to 360 
horizontal repeater, piece turned over 
flat " 20” 120 to 240 
lateral transfer, direction reversed, or looping 
flat 16” 20” 136 to 272 800 300 to 600 


ss 
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RANGE or Sizes 
18 gage .049”, 5” to 614” 
16 gage .065”, 5” to 10” 
14 gage .083”, 5” to 13” 
12 gage .109”, 5” to 15” 
1l gage .120”, 5” to 16’ 
Propuction 


Best turn, S8hours, 185 tons 
Best day, 24hours, 479 tons 
Best month, 8365 tons 


driven by a 100 H.P., adjustable speed, D.C. motor. The 
total H.P. was 4900. 


Leaving the last pass of the mill the strip was delivered 
to a double cooling bed, 13 feet from center line of hot runout 
to center line of each cold runout, and 250 feet long. Two 
shears and gage tables were provided for cutting to length, 


and a cropping shear and reel for coiled stock in line with 
the hot runout. 
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In 1920 the mill was entirely remodeled. A second fur- 
nace was added, a horizontal slab shear was installed between 
the furnace and the first stand of rolls. The continuous 
rougher was redesigned by the addition of a vertical edger, 
a flat pass, and a vertical edger following stand No. 3. Old 
stand No. 4 was changed to a flat pass, disconnected from the 
roughing motor and driven by the 800 H.P. motor formerly 
on the finishing. 


Pass TABLE 


Pass Rolls Distance to Motor 
No. Type Diameter Length R.P.M. next pass HEP) RoPSM: 
1 horizontal edger 21” 24" 25.0 DORON! 
2 flat : 217 24" 11.8 8-0" 
3 flat 21 2AU’ 20.2 om Oe 1500 505 
4 verticaledger 16144” 1014” 26.7 to. 33.49’ 0” 150 409 to 500 
5 flat 21” 24" 37.0 (en OE 
6 vertical edger 19” 6” 56.5 to 71.0 25’ 6” 100 400 to 500 
7 flat PA 24” 50 to 100~ - 800 300 to 600 
lateral transfer, turnover, direction reversed 
8 flat 16” 20 or 24” 120 to 240 
lateral transfer, turnover, direction reversed 
9 flat 16” 20 or 24” 120 to 240 2500 180 to 360 
horizontal repeater, piece turned over 
10 flat 16” 20 or 24” 120 to 240 
hand transfer or looping 
11 16” 20 or 24” 138 to 230 1200 305 to 505 


at 
The 20” and 24” length rolls are interchangeable 


RANGE OF SIZES 


18 gage 049" 5” to 644” 
id gase 083" 8” to. 13” 
12 gage 1109” 5” to 15” 
Limgacets 120%, «Gree tom 919!" 


PRODUCTION. 
Best turn, 8 hours, 231 tons 
Best day, 24 hours, 644 tons 
Best month, 11,386 tons 


The original intermediate, consisting of a flat pass and a 
vertical edger, was eliminated and the transfer from the 
continuous roughing extended to deliver to the first double- 
duo stand which was now changed to a single, thus eliminat- 
ing one lateral transfer. 

A new 1200 H.P., adjustable speed, A.C motor was pur- 
chased to drive the finishing stand. Each of the vertical 
edgers was driven by a 150 H.P., adjustable speed, D.C. 
motor. Total H.P., 6300. 


364 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


In 1925 the mill was again remodeled and a new roughing 
drive installed. The 800 H.P. motor on the last stand of the 
continuous rougher was replaced by a new 1500 H.P., con- 
stant speed, A.C. motor. A new stand, No. 8, driven by a 
new 1500 H.P., adjustable speed, A.C. motor was added 
before the first double-duo. A repeater was added between 
the second double-duo and the finisher, making the mill 
automatic throughout. Total H.P., 8500. 


Pass TABLE 


Pass Rolls Distance to Moto 
No. Type Diameter Length R.P.M. next pass EP? Be 
1 horizontal edger 21’ 24” 30.0 20" OF 
2 flat iy 24” . 18.5 ao 
3 flat 21" 24" 31.8 Cee 1500 505 
4 verticaledger 16144” 1014” 26.7 to 33.49’ 0” 150 400 to 500 
5 flat Ds 24” 58.0 i SOs 
6 vertical edger 19’ 6° 66:5: 50. 71.0) 2b! 2 6 100 400 to 500 
7 flat 20” 24" 93.0 1500 505 
lateral transfer, turnover, direction reversed 
8 flat 16” 20 or 24” 69.5 to 1387 15’ 0” 1500 257 to 508 
9 flat 16” 20 or 24” 102 to 204 
lateral transfer, turnover, direction reversed 
10 flat 16’ 20 or 24” 88.5 to 177 2500 180 to 360 
horizontal repeater, piece turned over 
11 flat 16” 20 or 24” 102 to 204 
vertical repeater 
12 flat 16” 20 or 24” 137 to 227 1200 305 to 505 


The 20” and 24” length rolls are interchangeable 


RANGE oF Sizes 


18 gage .049”, 5” to 614” 
REM ut ut 
14 gee oss” B” to Io” 
12 gage .109”, 5” to 19” 
11 gage .120!. 5” to! 22" 


PRopucTION 
Best turn, 8 hours, 275 tons 
Best day, — 24 hours, 659 tons 
Best month, 13,658 tons 


It is interesting to note the production and range of sizes 


of the mill during the three periods and their correlation to 
the horse power. 
RANGE OF Sizms 


1916-20 1920-5 1925-7 
Horse power 4900 6300 8500 
18 gage .049” 5” to 614” 5” to 614” 5’ to 614” 
16 gage .065” 5” to 10” 5” to 10” 5” to 11” 
14 gage .083’ 6 to.13” b” to 18% 5” to 174%" 
12 gage .109” 5” to 15! 5” to 15” 5” to 19” 


11 gage .120” 5” to 16” 5” to 19” 5” to 22" 


ey ey. ee 
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PRODUCTION 
1916-20 1920-5 1925-7 
Horse power 4900 6300 8500 
Best turn, 8 hours 185 tons 231 tons 275 tons 
Best day, 24 hours 479 tons 644 tons 659 tons 
Best month 8365 tons 11,386 tons 13,658 tons 


TRUMBULL STEEL Co. 16-IncH MILL 


In 1916 the Trumbull Steel Company of Warren, Ohio, 
commenced the construction of a mill for the production of 
hot rolled strip steel from 31% inches to 17 inches wide. This 
mill was first operated during 1918 (see Fig. 8). 

The starting point of the rolling was the usual range of 
slabs from 5 inches to 17 inches wide, 3 inches thick, and in 
lengths from 2 feet to 10 feet. The slabs were heated in two 
producer gas-fired, continuous furnaces, 11 feet wide inside 
by 41 feet 3 inches long. Between the furnace and the first 
stand of the mill was a slab shear for cutting slabs into 
lengths suitable for the gage of the finished product. 

The mill consisted of a continuous roughing train of five 
stands of which Nos. 1 and 4 were horizontal edgers. No. 6 
stand was a vertical edger. Following the continuous train 
was a strand train of three stands in line, with transfers 
between the first and second, and between the second and 
third. At the end of the transfer from the first to the second 
is another strand train of two stands in line, with transfer 
between. By this arrangement the piece, after leaving the 
roughing, could go either through passes 7, 8, 9, 10, 11, or | 
could be transferred across from stand 7 to 10, omitting 
stands 8 and 9. 

The mill was driven by four adjustable speed, A.C. 
motors, one 1500 H.P. through gear reduction, line shaft, 
and bevel gears, and three 1200 H.P., one on stands 7 and 
10, one on stands 8 and 9 and one on stand 11, each through 
gear reductions. The vertical edger was driven by a 75 H.P., 
adjustable speed, D.C. motor. Total H.P., 5200. 

Leaving the last stand of the mill the finished strip was 
delivered to a single cooling bed, 22 feet 6 inches wide by 
200 feet long. In line with the hot runout was a cropping 
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shear and reel for handling material to be coiled, and in line 
with the cold runout was a shear and gage table for handling 
material in cut lengths. 

In a year this mill produced 52,458 tons, comprising 
3,889 sizes from 2 inches to 18 inches wide and from .050 
inch to 34 inch thick. 


Pass TABLE 


< Pass : Rolls Distance to Motor 
oO. Type Diameter Length R.P.M. next pass HPS Ree Nis 
1 horizontal edger 20” 24-18 to 80) “15! 0!” 
2 flat 20” 2A SUES ot” | 
3 flat. 207 2A 18 to 30) 32) 0” *1500 270 to 450 
4 horizontal edger 20” 24) 32, totpa+6 32) 0!” 
5 flat 20” 24” 32t0538% 9’ 0” 
6 vertical edger SOuLOn 75 400 to 800 
7 flat 16” 20h LOB ROT 55" "7 1200 270 to 450 
8 flat 16” 20°" 103;to0 177 
lateral transfer, direction reversed 1200 270 to 450 
9 flat 16” 20 LOSto lite, 5b 0” 
10 flat 16” 20” 1038 to 177 From No. 7 stand 
lateral transfer, direction reversed 
11 flat 16” 20 eet 2 (otoua le 1200 270 to 450 


In 1920 this mill was remotored, the three 1200 H.P. 
motors being replaced by three 2000 H.P. motors of the same 
speed characteristics. Total H.P., 7600. 

In 1922 this mill was again remodeled; a third furnace, 
similar to the original two, was added. Stand No. 4 was 
changed from a horizontal edger to a flat pass. Two new 
vertical edgers were added, one following No. 3 stand, and 
one following No. 7 stand. Stands No. 8 and 9 were elim- 
inated entirely, and stands No. 7 to 10 and 11 were replaced 
by new stands with 18-inch by 24-inch rolls. Three new 18- 
inch by 24-inch stands were added in tandem with the original 
finisher, making the last four stands continuous (see Fig. 9). 

The same motors were used as before the change. The 
2000 H.P. motor, formerly on stands 7 and 8, was used to 
drive the second and third stands of the tandem finisher 
through a gear set, the 2000 H.P. motor from the old finisher 
was used to drive the fourth stand of the new tandem finisher, 
and the 2000 H.P. motor, driving stands 7 and 10 of the old 
mill, was used to drive the three stands of the strand train. 

A second cooling bed, similar to the first and 145 feet 
long, was added with a second shear and gage table. 
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om 


Pass TABLE 


ag s Distance to Motor 
No. . eats Hep ee eee R.P.M. next pass HP: R.P.M 
1 horizontal edger 20’ 24” 18t0 30" 15204 
2 flat 20” 24 “li to leon dae. 
3 flat 20’ 24” 18to 30 PONG? 1500 270 to 450 
4 vertical edger piel oad 100 
5 flat 20” 24” 32 to 538% 32’ 0” 
6 flat 20” 24” 32to 538% 9’ 0” 
7 vertical edger Spt Gt 100 
8 flat 18” 24” 79 to 126% 9’ 0” 
9 vertical edger 100 
lateral transfer, direction reversed 
10 flat ff 24” 79 to 126% 2000 270 to 450 
lateral transfer, direction reversed 
11 flat ue 24” 2 to he ee ae 
12 flat 18” 24”’ 108 to 1 g 
13 flat 18” 24 196t0. 210 15’ 0” {7000 270 to 450 
14 flat 18” 24” 158 to 253 2000 270 to 450 


For Range of Sizes and Production, see p. 414. 


AMERICAN STEEL & WrrE Co. 20-tncH MILL 


In 1916 The American Steel & Wire Company commenced 
the construction of a second wide strip mill at their Cuyahoga 
Works to produce strip wider than any mill built up to that 
time. Operation of the mill was started September 19, 1918 
(see Fig. 10). 

The mill used as stock, slabs from 7 inches to 21 inches 
in width, 21% inches to 3 inches in thickness, and 44 inches 
to 90 inches in length. These were heated in two byproduct 
or producer gas-fired, continuous furnaces, one 9 feet 3 
inches inside by 50 feet long and the other, added later, 
9 feet 9 inches by 52 feet. 

The mill consists of a straight tandem arrangement of 
eight stands, and was the first straight line mill for the 
production of wide strip. The first stand was a horizontal 
edger, the second stand a two-high reversing mill with a 
Separate vertical edging stand on the delivery side. The 
fourth to ninth stands inclusive were two-high stands in two 
groups of three continuous stands each. 

The horizontal edger was driven by a 350 H.P., constant 
speed, A.C. motor, the reversing stand by a 3000 H.P., 
reversing, D.C. motor. Stands No. 4 to 8 inclusive are 
driven by a 3000 H.P., constant speed, A.C. motor and 
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stand No. 9 by a 1000 H.P., adjustable speed, A.C. motor. 
The vertical edger is driven from the reversing stand. Total 
HP7o00. 

The finished piece is delivered to a cooling bed, 168 feet 
long and 12 feet from center of hot runout to center of cold 
runout. At the lower end of the hot runout is a reel and at 
the lower end of the cold runout is a cropping shear and a 


Pass TaBie 

Pass Rolls Distance to Motor 
No. Type Diameter Length R.P.M. next stand EL 2 Mb GS: 
1 horizontal edger 20’ 38” 50.5 2 ea Me 350 490 
2 flat 
3 flat 
4 flat PAs 38” 0 to 100 49’ 11” 3000 0 to 100 
5 flat 
6 flat 
7 vertical edging pass after each pass 2 to 6 inclusive 
8 flat 20” 38” 67 12’ 0? 
9 flat 20” 38” 91 12% Of 
10 flat 20” 38" 119 120’ 0” +3000 125 
11 flat 18” 24” 119 12s 
12 flat 18” 24” 140 1st" 
13 flat 18” 24” 150 to 209 1000 150 to 214 


Number of passes in reversing stand from 3 to 5 


RANGE oF §1zEs 


15, gage .072"") 6 -to® Sie" 
14 gage .083”, 6” to 12%” 
yee eg Geter 
gage . Cy) f 
10 gage .134”, 6” to 1834” 
9 gage .148”, 6” to 20” 


PRODUCTION 
Best turn, of 8 hours, 167.2 tons 
Best day 263.7 tons 
Best week 734.4 tons 


Best month, 34 turns, 2658.4 tons 


second reel for handling coiled stock. No provision is made 
for handling cut-to-length material. 


NATIONAL Pressep Stree. Co. 18-IncH MiILu 


In 1916-7 the National Pressed Steel Company, Mas- 
sillon, Ohio, built a mill for the production of hot rolled 
strip from 6 inches to 24 inches in width in gages 16 and 
heavier. The mill was first placed in operation Nov., 1917. 
This mill is now owned by the Central Alloy Steel Company. 

The raw material for this mill consists of slabs from 6 
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inches to 24 inches wide, from 2 inches to 3 inches thick, and 
in length from 24 inches to 48 inches. The slabs are heated 
in two continuous furnaces, originally powdered coal-fired, 
but later oil-fired, 12 feet wide inside by 41 feet 3 inches long. 

The mill consists of a two-high, reversing, universal 
rougher with vertical rolls on the front side only, followed 
by a double-duo and a bullhead in line, and separated from 
the rougher by a distance of 140 feet. 

The reversing stand is driven by a 1000 1s Be reversing, 
D.C. motor, and the double-duo and the bullhead are driven 
by a 1200 H.P., adjustable speed, A.C. motor through gear- 
ing. Total H.P., 2200. 


Pass TABLE 


Pass Rolls Distance to Motor 
No. Type Diameter Length R.P.M. next pass H.P, RPM, 
1 universal ) 
2 universal | 
3 universal 24 38” Otol75 140-0” 1000- 0 to-175 
4 universal ; 
5 universal 
6 flat 18” 2714” 160 to 210 
horizontal repeater, piece turned over 
7 flat 18” 2714” 160 to 210 1200 450 to 590 
lateral transfer, direction reversed 
& flat 18” 2716” 160 to 210 


number of passes in universal stand from 5 to 9 


This mill was originally designed for the production of 
thin strip for use in the manufacture of metal lumber. The 
mill is not provided with a cooling bed, but at the end of the 
hot runout there is a shear and bar piler for cut lengths and 
a coiler for material to be furnished in coils. 

The post-war boom of 1919-20 saw still further new 
construction in the shape of two wide strip mills for the 
United States Steel Corporation, one at the McDonald 
Mills and one at the Gary Works. It also saw a remodeling 
of the Trumbull Mill and the Weirton Mill. 1922-3 saw 
one concern, the Otis Steel Company add strip to their line, 
and the West Leechburg Steel Company add a new wide 
strip mill to their existing capacity. 

1925 saw the addition of one new wide strip mill, that of 
the Acme Steel Company and the remodeling of the Weirton 
and Trumbull Mills to secure greater range and capacity. 
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CARNEGIE STEEL Co., McDonatp 18-1ncH MILu 


The Carnegie Steel Company, in 1919, started the con- 
struction of an 18-inch band mill at their McDonald Mill, 
Youngstown, Ohio. Operation was commenced January 1, 
1920 (see Fig. 11). 

The raw material for this mill consists of slabs from 5 
inches to 18 inches wide, 2 inches to 4 inches thick, and from 
6 feet to 10 feet 6 inches long. These are heated in two by- 


Pass TaBLE 


to) Distance to Motor 

No, ae eS Dini ek R.P.M. next pass HP, R.P.M 
1 horizontal edger 20’ 28 582) 31". 67 
2 flat 20" 28” 66.5 24’ 416” 
3 flat 20” Dee 85,7 eer kee +2500 243 
4 verticaledger 20” 12" 1530 33" 0F | 
5 flat 20” 1243" 15's-0"" 
6 vertical edger 20’ 12” 44’ 0” 150 
7 flat 18” 28” 183.0 ) ; 

lateral transfer, turnover, reverses direction \ 2500 183 
8 flat 18” 22" 183.0 99’ 9! ) 
9 flat 18” 28” 183.0 

lateral transfer, reverses direction 2500 183 
10 flat, 18” 22'' 183.0" 25’ ‘9! 
11 flat 18” 22” 218.7 to 267.3 2000 te to 


RANGE oF Sizes 
14 gage .083"; 5” to 10” wide 
12 gage .109’, 5” to 1714” wide 
Ye . gage .156”, 5” to 18” wide 
plain sections, chan. rim sections 
Maximum Propuction 
Best day, 24 hours, 1381 gross tons 
Best month, 17,219 gross tons 
Best year, 176,469 gross tons 
product gas-fired, continuous furnaces 12 feet wide inside 
by 58 feet long. Between the furnaces and the first stand of 
rolls of the mill is a horizontal slab shear for cutting the 
heated slabs into lengths suitable for the finished product. 
The mill consists of a roughing train of seven stands in 
tandem, of which No. 1 is a horizontal edger, and No. 4 and 
No. 6 are vertical edgers. Leaving stand No. 7, the piece is 
transferred laterally and passing in a reverse direction enters 
stands No. 8 and 9. Leaving No. 9 stand, the piece is again 
transferred laterally and enters stands No. 10 and 11 in its 


Fig. 11.—18-inch Band Mill, McDonald Mills, Carnegie Steel Company, 1920. 
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original direction. Stands No. 10 and 11 are separated by a 
distance of 25 feet 9 inches so that the piece enters the 
second stand before leaving the first. This is the only place 
in the mill where a piéce is in two stands of rolls at the same 
time. 

The mill is driven by one 2500 H.P., constant speed, A.C. 
motor on the first five stands through line shaft and bevel 
gears; a 150 H.P., adjustable speed, D.C. motor on No. 6 
vertical edger; one 2500 H.P., constant speed, A.C. motor 
direct connected to stands No. 7 and 8; one 2500 H.P., 
constant speed, motor direct connected to stands No. 9 and 
10; and a 2000 H.P., adjustable speed, motor direct con- 
nected to stand No. 11. Total H.P., 9650. 

As the finished piece leaves the last stand of rolls it is 
delivered over a runout table 170 feet long to the cooling 
bed. This is a double bed 18 feet from center of hot runout 
to center of each cold runout and 190 feet long. Two shears 
are provided for cutting cold material to length, together 
with gage tables, bar pilers and scales. A cropping shear 
and two coilers are located in line with the hot runout for 
handling coiled material. 


Inuinois Steet Co., Gary 20-IncH MILu 


In 1920-1 the Hlinois Steel Company built a 20-inch strip 
mill at their Gary Works. This mill was first operated Jan- 
uary 2, 1922 (see Fig. 12). 

This mill rolls from slabs, 8 inches to 211% inches wide, 
234 inches thick, and 4 feet to 14 feet long. These are 
heated in two byproduct gas-fired, continuous furnaces, 
15 feet wide inside by 64 feet 6 inches long. 

The mill comprises a roughing train consisting of seven 
stands in tandem, No. 1 being a horizontal edger and No. 
4 and No. 7, vertical edgers. Following No. 7 pass is a 
lateral transfer to the finishing train consisting of stands No. 
8 to No. 12 inclusive. Stands No. 9 and 10 are separated 
by a space of 101 feet 714 inches and stands No. 11 and 12 
by 175 feet the piece running clear between these last two 
stands. The piece reverses its direction once in going 
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through the mill, passing in front of the furnace on its way 
to the finishing stand. 

The horizontal stands of the mill are driven by two 
motors, a 5500 H.P., adjustable speed, A.C. motor through 
line shaft and bevel gears to stands 1 to 11 inclusive, and a 
2070 H.P., adjustable speed, A.C. motor direct connected to 
the finishing stand. Vertical edger stand No. 4 is driven by a 
separate 150 H.P., adjustable speed, D.C. motor and vertical 
edger stand No. 7 by belt from stand No. 6 spindle. 

The mill delivers the finished material to a double cooling 
bed 18 feet from center line of hot runout to center line of 
each cold runout table, and 200 feet long. Two cold shears 
are provided for cutting to length and two coilers in line 
with the hot runout for material to be shipped in coils. 


Pass TABLE 


Pass Rolls Distance to Motor 
No. Type Diameter Length R.P.M. next pass H.P. R.P.M. 
1 horizontal edger 2014-2414" 33” 22.2 to 36.1 25’ 0” 
2 flat 2114"-2614" 24” 26.0 to 42.2 36’ 0” 
3 flat 2014"-2414" 33” 29.8 to 48.2 37’ 0” 
4 verticaledger 22” -25” 1434” 186 to 37.1 8’ 0” 150 
5 flat 2014"-2614" 24” 46.7 to 75.2 10’ 0” | 
6 flat 2019""-2614" 24” 72.0 to 116.6 19’ 0” $5500 105 to 
7 verticaledger 22” -25’" 143%” 35.1 to 59.8 170 
lateral transfer, direction reversed 
8 flat 2016-2619" 24" 72.0t0 116.6 34’514"' 
9 flat 2014"-2616" 24" 102.0 to 165.4101’ 7%” 
10 flat 2014"'-2614" 24" 125.0 to 202.415’ 84” 
11 flat 2014"-2616" 24" 147.0 to 238.0 175’ 0” 
12 flat 2014"-2614" 24" 137.0 to 235.0 1650 137 to 
235 
RANGE oF Sizes 
16 gage .065’, 8” to 15” wide 
14 gage .083”, 8” to 20” wide 
12 gage .109”, 8” to 20” wide 
Propuction 


Best day, 24 hours, 
Best month, 
Best year, 


990 net tons 
17,937 net tons 
138,024 net tons 


Ottis SteEL Co. 20-1IncH Miuu 
In 1922-3 the Otis Steel Company of Cleveland, Ohio, 
constructed the first straight line tandem mill for the pro- 
duction of wide strip, in which each pass is made in a separate 


set of rolls. This mill went into operation September 21, 
1923 (see Fig. 13). 


teel Company, 1923. 


is © 


inch Strip Mill, Oti 


Fig. 13.—20- 
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The stock for the strip mill is received in the shape of 
slabs from 6 inches to 24 inches wide, 2 inches to 3 inches 
thick and from 56 inches to 112 inches long. The slabs are 
heated in two continuous furnaces, 12 feet wide inside by 
45 feet 3 inches long, fired by byproduct coke oven gas. 

The mill consists of a roughing train of seven stands of 
which No. 1 is a horizontal edger, and Nos. 4 and 7 are 
vertical edgers, followed by a finishing train of six stands of 


Pass TaBLE 


Pass Rolls Distance to Motor 

No. Type Diameter Length R.P.M. next pass ECP; R. 

1 horizontal edger 20’ 30” 21.4 1G. av) 

2 flat 20”. 30" 21.4 16’ 4” | 

3 flat 20” 30” 34.7 a 20" 1800 490 

4 vertical edger 19’ 1814” 43.5 to 50.8 29’ 6” 100 600 to 700 

5 flat 20’ AN 44.6 46’ 6” 

6 flat 20” 30” 62.5 t20's 

7 vertical edger 19 18144” 80.5t094 66’ 0” 100 600 to 700 

8 flat 20" 30” 45 to 65 200° .0"" 1500 280 to 420 

9 flat 20” a0” 63 to 95 20° = 0” 1500 280 to 420 
10 flat 20” 30” 82 to 123 20’ 0” 1500 280 to 420 
11 flat 20” 30” 115 to 230 2" = 0" 1800 115 to 230 
12 flat 20” 30” 115 to 230 20 sO 1800 115 to 230 
13 flat 20” 30” 115 to 230 1800 115 to 230 


RANGE OF SizEs 

16 gage .065’, 6” to 12” wide 

14 gage .083”, 6” to 15” wide 

12 gage .109”, 6” to 22” wide 

10 gage .134”, 6” to 24” wide 

PRODUCTION 

Best turn, 8 hours, 409.6 net tons 

Best day, 24 hours, 1,064.3 net tons 

Best month, 15,574.1 net tons 

Best year, 129,376.6 net tons 
flat rolls. Until the piece enters the eighth stand it cannot 
be in more than one stand of flat rolls at a time, but from 
that point on it enters each stand before leaving the pre- 
ceding stand, vertical loopers being provided between the 
stands. 

The motor equipment of this mill consists of the following: 
One 1800 H.P., constant speed, A.C. motor driving stands 
No. 1 to No. 6 through gear reduction, line shaft and bevel 
gears. Three 1500 H.P., adjustable speed, D.C. motors 
driving stands 8, 9 and 10 through gear reductions, and 
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three 1800 H.P., adjustable speed, D.C. motors driving 
stands 11, 12 and 13 direct. The two vertical edgers are 
each driven by a 100 H.P., adjustable speed motor. Total 
H.P., 11,900. 

As the finished strip leaves the last stand of the mill it is 
delivered to a runout table and is switched into one of three 
reels which coil it up hot. No cooling bed whatever is 
provided. From the reels the hot coils are pushed on to the 
spokes of a cooling wheel, one being provided for each reel. 

Material to be shipped in coils is taken direct from the 


- cooling reels to the shipping floor by crane and when cut 


to length material is required the coils are passed through a 
flattener and then cut to length cold. 


West Lreecusure Steet Co. 16-IncH Miu 


In 1922-3 the West Leechburg Steel Company built a 
modern wide strip mill, supplementing the old 12-inch mill 
and a 9-inch mill. The new mill was first operated 
September 25, 1923 (see Fig. 14). 

The slabs for the new mill range in size from 6 inches to 
20 inches in width, 21% inches to 3 inches in thickness, and 
from 4 feet to 11 feet in length. These are heated in two 
producer gas-fired, continuous furnaces, 12 feet wide inside 
by 40 feet 1 inch long. Between the furnaces and the first 
stand of rolls is a horizontal slab shear, for cutting the hot 
slabs into lengths suitable for the size of the finished material. 

The mill comprises a tandem roughing train of seven 
stands, of which stands No. 1 and No. 4 are horizontal 
edgers and stand No. 6 a vertical edger. No. 7 stand is 
followed by a lateral transfer to the finishing train consisting 
of six stands, of which Nos. 8 and 9, and 9 and 10 are sepa- 
rated by 50-foot spaces while the last four stands are straight 
continuous. The piece passes in front of the furnace on its 
way from the last stand of rolls to the cooling bed. 

The motor drive for the mill is as follows: one 1500 H.P., 
constant speed, A.C. motor drives stands No. 1 to 7 inclusive, 
except the vertical edger, stand No. 6, which is driven by a 
100 H.P., adjustable speed, D.C. motor. One 1500 H.P., con- 
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stant speed, A.C. motor drives stands No. 8 and 9. Both the 
above motors drive through gear reduction, line shaft and 
bevel gears. Two 1500 H.P., adjustable speed, D.C. motors 
drive stands No. 10 and 11 direct, and two 1800 H.P., 
adjustable speed, D.C. motors drive stands 12 and 13 direct. 
Total H.P., 9700. 


Pass TABLE 


Pass i 
No. Type Rene te R.P.M. eee te we ee M. 
1 horizontal edger 20’ 24! 34.5 5! Of? 
2 flat 207" 24" 34.5 LEO: 
3 flat 20" 24" 50.4 280 ae 
4 horizontal edger 20’ 24” 95.0 25’ 1014” +1500 705 
5 flat yaw va 78.6 30k 0 
6 vertical edger 155 to 310 100 
7 flat ; 20” 24” 95.0 Oy 0} 
i oe transfer, pied reverses direction 
a 16’ Pde 145.0 GRY 
9 flat Cae os Seige ae iT: grr 1500 705 
10 flat ter" 22” 125 to 250 18’ 0” 1500 125 to 250 
11 flat 16” 227 125. 10.250 Sh oer) 1500 125 to 250 
12 flat 16” 22”"* 165 to 350 18!) QO” 1800 165 to 350 
13 flat ie 22”" 165 to 350 1800 165 to 350 


RANGE OF SIZES 


20 gage .035”, 4144” to 41%” 
18 gage .049”, 4” to 814” 
16 gage .065”, 4” to 16” 
14 gage .083’, 4” to 18” 
12 gage .109”, 4” to 20” 


PRODUCTION 
Best turn, 8 hours, 260 tons 


Leaving the last stand of the mill the finished strip passes 
over a delivery table approximately 95 feet long to a double 
cooling bed 20 feet from center line of hot runout to center 
line of each cold runout, by 150 feet long. 

At the end of each cold runout is a shear, gage and bar 
piler for handling cut-to-length material, and in line with the 
hot runout are two reels for coiled stock. 


ACME STEEL Co. 16-IncH MILL 


The Acme Steel Company of Chicago, IIl., already pos- 
sessed a 10-inch hot strip mill of the straight continuous 
type, which had been built in 1918, when in 1925, they 
decided to build a second mill to take care of the wider 
sizes. This mill went into operation June 8, 1926. 
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The slab stock used ranges from 3 inches to 21 inches in 
width, 2 inches to 3 inches in thickness, and in lengths from 
6 feet to 11 feet. These are heated in two producer gas- 
fired, recuperative, continuous furnaces, 12 feet wide inside 
by 35 feet long. Between the furnaces and the first stand 
of the mill is a horizontal slab shear for cutting the hot 
slabs to lengths suitable for the finished product. 

The mill consists of a straight continuous train of four- 
teen stands, of which the first seven constitute the roughing, 


Pass TABLE 


Pass Rolls Distance to Motor 
No. Type Diameter Length Rta aves next pass EP. | REP 
1 horizontal edger 20’ 24" 15! 0” 
2 flat 20” 24” Taal Us 
3 flat 20" 24” 33’ 0” 
4 horizontal edger 20’ 24” 30’ 0” 1500 705 
5 flat 20” 24” Sin al 
6 vertical edger Soe 100 
7 flat 20’ 24” 65’ 0” 
8 vertical edger Sen 100 
9 flat 16” 22” 1 Os 1500 200 to 400 
10 flat 16% ae! io 0" 1800 185 to 370 
11 flat 167 22" 125 to 250 18’ 0” 1800 125 to 250 
12 flat 16” 22" 125 to 250 18’ 0” 1800 125 to 250 
13 flat 16” Dane 185 to 370 18’ 0” 1800 185 to 370 
14 flat 16” 22" 185 to 370 1800 185 to 370 


RANGE oF SizEs 


18 gage .049”, 3” to 10” 
16 “gage. .065", -3” to. “16? 
14 gage .083”, 3” to 1814” 
12 gage .109", 3” to 20" 


PRODUCTION 
Best turn, 10 hours, 301 net tons 


the next three the intermediate, and the last four the finish- 
ing. Of the seven stand roughing, stands No. 1 and No. 4 
are horizontal edgers, and stand No. 6 a vertical edger. The 
intermediate includes No. 8 stand a vertical edger, and No. 9 
and No. 10, flat passes. The four stands of the finisher are 
all flat passes. 

Stands No. 1 to 7 inclusive, with the exception of No. 6 
vertical edger, are driven by a 1500 H.P., constant speed, 
A.C, motor, through gear reduction, line shaft and bevel 
gears. Stands No. 6 and 8, vertical edgers, are each driven 
by a 100 H.P., adjustable speed, D.C. motor. Stand No. 
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9 is driven by a 1500 H.P. and stand No. 10 by an 1800 H.P., 
adjustable speed, D.C. motor through gears. The remaining 
four stands are each driven by an 1800 H.P., adjustable 
speed, D.C. motor direct. Total EEE 12-200; 

When the strip leaves the last stand of rolls it is delivered 
to a double cooling bed, 25 feet from the center line of the 
hot runout to the center line of each cold runout, and 250 
feet long. At the end of each cold runout is a shear, gage, 
and a bar piler for stock in cut lengths, and a coiler for 


_ taking care of stock in coils. 


In the foregoing pages we have endeavored to picture the 
development of strip rolling from a maximum width of seven 
inches in 1890 to a maximum width of twenty-four inches in 
1925, and from a length of 100 feet in the former year to a 
length of 500 to 1000 feet in 1925. 

You will note that the development progressed in more 
or less gradual stages; the maximum width being: 1890 
about 7 inches; 1899 about 10 inches; 1902 about 12 inches; 
1905 about 16 inches; 1918 about 21 inches; 1922 about 24 
inches. There was also a fairly definite limit to the ratio 
between width and gage; in 1924, for example, the widest 
16 gage strip that would be furnished on regular order was 
about 16 inches. 


After having traced the development of the strip mill it 
will be instructive to trace the development of the sheet mill 
during the same period. 

The sheet industry was introduced into the United States 
from Wales, in the early part of the Nineteenth Century, 
the Welsh methods representing at that time the highest 
development of the art. 

The early plants consisted of from two to four mills in 


_ train, driven by a direct connected engine at about 24 to 30 


R.P.M. Each mill consisted of two stands of two-high rolls 
of from 18 inches to 20 inches diameter by 24 inches to 28 


inches long. 
The Welsh method of sheet rolling consisted of two or 
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more ‘‘parts,” each part consisting of a heating and as much 
rolling as could be done before the sheet or pack became too 
cold for further reduction. Sheets 16 gage and heavier were 
generally worked as single iron, in the same manner that 
plates are rolled, while gages lighter than 16 gage were 
worked in pairs. 

The rolling started with a sheet bar of about 8 inches in 
width, a length slightly more than the width of the sheet 
desired, and a thickness sufficient to give the proper weight 


of bar to make the length of sheet desired. Sheet bars com- , 


monly weighed from 16 to 80 pounds. 

The sheet bars were heated and drawn from the furnace 
in ‘‘pairs”’ which were rolled alternately until they were 
drawn out to a convenient length. The bars were then 
laid one on top of the other, or ‘‘matched,”’ and rolled 
together until the ‘‘pack”’ was stretched to the desired 
length. It was then laid on the floor and folded about the 
middle of its length, or ‘‘doubled.”’ The pack of four was 
then reheated and rolled again. If thinner gages were 
desired the pack was again doubled, reheated, and rolled as 
many times as necessary. 

This method of rolling sheets has continued to the present 
day, the only changes being in the way of increasing the 
diameters and lengths of the rolls, and the weight of the 
housings, improving the pair heating furnaces, substituting 
the electric overhead traveling crane for the old hand truck, 
and replacing the slow speed direct connected engine, first 
with high speed engines and rope drive, and later with 
electric motors and gear reductions. Still more recently we 
have the introduction of the mechanical doubler. 

So much for the production of sheets of ordinary quality. 
If sheets of high surface finish were required the black sheets 
were annealed, pickled to remove the scale, then cold rolled 
and reannealed to remove the hardening effects of the cold 
rolling. 

The first plant for the production of planished sheets was 
established by W. Dewees Wood, in McKeesport, Pa., about 
the close of the Civil War. In the middle seventies the manu- 
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facture of pickled and cold rolled sheets was begun by 
William Rogers at Apollo, Pa. By the application of skill 
along the lines of careful heating and rolling and by the use 
of highly polished rolls, both in the hot and in the cold rolling 
mills he produced sheets of a finish that has hardly been 
excelled to the present day. 

Up to about 1876 the only material used for the manu- 
facture of sheets was iron, either charcoal iron blooms, or 
a muck bar from puddled iron with a top and bottom of 
charcoal iron. 

In 1876 the first bessemer steel sheet bars were produced 
at the Edgar Thomson Works and rolled into sheets at the 
plant of the United States Iron and Tin Plate Company at 
McKeesport, Pa., then known as the Demmler Mill. 

The use of bessemer steel afforded a smoother and brighter 
surface than the common grades of iron and its use became 
almost universal until it was replaced by open-hearth steel 
during the period from 1900 to 1910. 

While as a rule the rolling of sheets was along the most 
conservative lines and any change from the traditional 
methods was frowned upon, there were several attempts 
made to depart from the stereotyped practice and produce 
sheet steel either in larger units, or with less expenditure of 
manual labor. 

In 1892 the establishment of the McKinley tariff on 
imported tinplate made possible the establishment of an 
American tinplate industry, and incidental to this there 
were several plans proposed for the mechanical operation of 
sheet mills, none of which, however, came anywhere near 
success, and few of which appeared sufficiently promising to 
warrant even a trial. 


THe Tepuitz MILu 


As early as the year 1902 there was a mill operating in 
Teplitz, Bohemia, which is reported to have rolled sheets 
up to 50 inches in width, in gages from .080 inch to .120 inch, 
and in lengths up to 60 feet, by a continuous process (see 
Fig. 15). 

25 
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The general arrangement of the mill was as follows: The 
roughing train consisted of two stands of three-high rolls, 
in line, driven by a 1000 H.P. engine through gearing. The 
finishing train consisted of five stands of 24 °4 inch by 59- 
inch rolls spaced on 9-foot centers, and in tandem with the 
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Fra. 15.—Continuous Sheet Mill, Teplitz, 1900. 


second three-high set. The tandem train was driven by a 
second 1000 H.P. engine through a gear train. 

The raw material for the mill consisted of slab ingots 
6 inches to 8 inches thick, weighing from 500 to 1000 pounds 
each. These ingots were heated in a continuous furnace and 
rolled down in the first three-high mill to 3 inches to 4 
inches thick, cut into two pieces, reheated, and rolled down 
to 7 mm. (.280 inch) thick in the second three-high stand, and 
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then passed through the tandem finishing mill without 
further reheating, and reduced to 3 mm. (.120 inch) to 2mm. 
(.080 inch). 

The approximate roll speeds, reductions, and elongations 
in the continuous mill, when making 3 mm. stock are shown 
in the following table: 


Reduction Elongation 


PIM: per cent. per cent. 
No. 1 30 20 25 
2 37% Lee 20 
3 45 14.2 16 
4 5214 ‘12.5 14 
5 60 10.0 11 


The steel was guided between the stands by plain cast 
iron plates with side guards about six feet high. Leaving the 
mill the sheet continued in a straight line to a shear where 
it was cut into lengths for shipment. 

The finished sheets are about 60 feet long and showed a 
variation in thickness of about .5 mm. (.020 inch) from one 
end to the other, due to the cooling of the sheet in its passage 
through the mill. 

The works at Teplitz were abandoned in 1907 so it may 
be assumed that the mill was not a commercial success. 


THe Mononcaneta MILL 


The most ambitious early attempt to roll sheet width 
material by methods other.than those of the ordinary sheet 
mill was made by Charles W. Bray in 1902, at the Mononga- 
hela Works of the American Sheet and Tin Plate Company. 
Mr. Bray had the courage to depart from the traditional 
methods and planned a mill for the continuous, or rather 
tandem, rolling of sheets (see Fig. 16). 

The designs for the mill were made in 1901, construction 
was commenced in 1902, and the mill was placed in experi- 
mental operation October 21, 1902. 

The mill was designed to eliminate the hand roughing, 
or breaking down, of sheet bars in the manufacture of tin- 
plate, duplicating mechanically the hand operations of what 
is known as the first part of the “three part hot rolling 
system” for tinplate. 
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The process commenced with the standard size of tin 
bar of 16 pounds weight and about 8 inches by 3 inch by 
2014 inches in size. These were heated in four continuous 
sheet bar heating furnaces each having a hearth 12 feet 
wide by 14 feet in length, and accommodating three rows of 
bars, which were fed through the furnace by mechanical 
pushers, the hearth sloping downward to the discharge end. 

_ The heated bars were discharged onto a roller table 
running along the front of all four furnaces, and delivered to 
a point between the middle pair of furnaces, which was the 
center line of the roll train. 

The roll train consisted of eight tandem stands of two- 
high rolls of the current sheet mill type, 26 inches by 
32 inches in size, spaced on 8-foot centers, with the ex- 
ception of stands No. 6 and 7 which were spaced 11 feet 
3g2 inch centers to accommodate the matcher. Stands 
No. 7 and 8 were also placed 3 feet lower than the six 
preceding stands. 

The first four stands and the last four stands were each 
driven by a 32-inch by 72-inch 650 H.P. engine through 
gearing. Both engines were provided with 28-foot fly 
wheels and ran at a speed of 28 R.P.M., which was also the 
speed of all the rolls. Each set of rolls drove through the 
bottom roll to another roll, set in a pair of housings on the 
same shoes and acting as a drag. The top rolls were friction 
driven. 

As the heated bars arrived on the conveyor in front of the 
train of rolls, they were taken off sideways by a chain con- 
veyor and delivered singly to the first stand of rolls and then 
passed from set to set of the first six stands. Each of the 
first three stands was equipped with a mechanical pusher, 
having two fingers, which entered the piece into the rolls. 
The remaining stands had chain conveyors to carry the 
piece from stand to stand. 

As the piece left No. 6 stand, now a piece about 30 inches 
long, it was discharged onto a sloping table, the following 
piece was discharged on top of it, and the two matched by 
hand. The matched pair was then released by means of a 
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hand operated lever and gate, and entered into pass No. 7, 
then into pass No. 8 and emerged as a pack of two sheets, 
about 56 inches long and 201% inches wide. 

After leaving No. 8 pass, the pack passed to a mechanical 
doubler and was folded into a pack of four. Leaving the 
doubler the packs were racked up into lifts and delivered to 
the regular hot mills for finishing into tinplate. The remain- 
der of the rolling was done in the usual manner, the pack of 
four being heated, rolled, doubled again, heated and rolled 
into a pack of eight, which was trimmed into two packs, 
20 inches by 28 inches by 28 gage. 

When operation of the mill was started, it was found that 
the first essential for satisfactory operation was a constant 
and uniform heat of the sheet bars and the furnaces were 
soon remodeled in the endeavor to secure this condition. 
They were changed to accommodate a double row instead of 
a triple row of sheet bars, and lengthened to 16 feet 6 inches. 
The firing was changed to the end into which the bars 
entered, the flame then passing back ‘and forth under the 
hearth, and the air for combustion passing through a parallel 
series of chambers, and then being admitted through the 
bridge wall. The sloping hearth was changed to a horizontal 
hearth through which the sheet bars were moved on hori- 
zontal pipes. 

The Monongahela mill was operated more or less regu- 
larly from January, 1904 to July, 1905, preparing material 
for ordinary gages of tinplate. 

The best 24 hours’ output was 85 gross tons, the best 
month’s output was 1,917 tons, and the total production 
during the life of the mill was 12,391 gross tons. 

No record is now available as to the percentage of primes 
and seconds of the resultant tinplate but the quality com- 
pared favorably with that from the old type of mill. The 
scrap loss was rather high, due to the sticking of the packs 
from the continuous mill, and there was some increase in the 
percentage of seconds due to furnace scale, the heat control 
of the pair furnaces not being all that could be desired. 

The mill crew consisted of eight men: roller, roller’s 
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helper, charger-heater, rougher, watcher, matcher-doubler, 
doubler’s helper, and greaser. 

Labor savings from this method of rolling, as compared 
with hand rolling on the old style mill was estimated at 
approximately $2.00 per ton, but were largely dissipated 
through higher scrap loss, roll breakage, and increased per- 
centage of scrap and seconds. 

_In the absence of definite savings it was considered advis- 
able, in 1905, to shut the mill down, and proceed with the 
development of a sheet rolling mill, as it was felt that the 
heavier gages of sheets, as compared with tinplate, could be 
rolled with practical elimination of the difficulties of scale, 
sticking, etc., experienced with the Monongahela mill 
operating on material for tinplate. 


THe Mercer Mini 


The experience gained at the Monongahela Mill was 
sufficiently encouraging to warrant the construction of the 
second mill on a more ambitious scale and it was decided to 
erect it at the Mercer Works, South Sharon, Pa., which was 
then one of the finest and most modern plants owned by the 
American Sheet and Tinplate Company (see Fig. 17). 

The construction of the mill was commenced June, 1904 
and it was first operated November, 1905. The design of 
the mill was based on the same principles which had governed 
the design of the original Bray Mill but with such changes in 
detail as the previous experiments had indicated would be 
desirable. 

Based on the previous experience, it was considered advis- 
able to install the mill with nine stands of rolls in tandem, 
as compared with the eight stands of the old mill. It was 
felt that, for the average gage and quality of sheets, such a 
mill would produce material ready for finishing by one heat- 
ing on old-style sheet mills, and that it would produce a 
satisfactory product without excessive scrap loss. 

_ Sheet bars were used as the raw material, these being 
somewhat heavier than the tin bar used in the Mononga- 
hela Mill. The furnaces were four in number and similar to 
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the reconstructed Monongahela furnaces, but larger and 
built as two single furnaces in a unit, and even more care 
was taken to secure a hot bottom. The furnaces were 
placed two on each side of the center line of the mill with a 
conveyor running the length of the discharge ends of the 
furnaces. 

The roll train consisted of nine stands of 28-inch by 39- 
inch two-high rolls with the matcher placed between stands 
No. 6 and No. 7. 

The roll stands were spaced as follows: 


1-2 2-3 8/ Oe” 
3-4 4-5 5-6 LOp OU 
6-7 12’ g’’ 
7-8 8-9 Eo. 0 


The entire mill was driven by one 30-inch and 60-inch by 
72-inch cross compound engine of 1800 H.P., running at 75 
R.P.M. and connected to the mill by a combination of rope - 
and gear drives. Stand No. 1 was driven direct from a rope 
wheel, Nos. 2 and 3 through gears from a second rope wheel, 
Nos. 4, 5 and 6 through gears from a third rope wheel, and 
Nos. 7, 8 and 9 through gears from a fourth rope wheel, this 
last being driven from the engine with a speed reduction of 
24 to 10. All stands of rolls ran at approximately 30 R.P.M. 

Stands No. 1, 2 and 3 were driven through pinion stands 
and had balanced top rolls, while the remaining stands had 
the top rolls friction driven. Stands No. 7, 8 and 9 were at 
an elevation of 3 feet 10 inches lower than the first six stands, 
an increase of 10 inches over the Monongahela mill. 

Starting with an 8-inch bar .57 inch thick, the thickness 
and reduction of each pass was approximately as follows: 


Thickness, Reduction, 
Pass no, inches per cent. 
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The bars were entered into the first six mills simul- 
taneously by means of a series of sweeps, one in front of each 
stand, so that there was a bar in each of the stands at the 
same time. The sweeps were operated by means of a motor 
driving a crank with a series of connecting rods to the sweeps. 

As the bars left the sixth stand, at which time they had 
been elongated to about 56 inches they were discharged onto 
a matching table which was somewhat more elaborate than 
in the old mill. It was equipped with lever-operated side 
guards and a combination end-stop and pinch roll operated 
by an air cylinder mounted on the roll housing. The break- 
downs were matched in threes, instead of twos, as was the 
case in the old mill. It was felt that three finishing stands, 
with proper screw control for rolling the matched packs, 
would eliminate most of the sticking trouble experienced at 
Monongahela. This did not prove to be the case and after 
the packs of three were passed to the mechanical doubler and 
doubled into packs of six, trouble was experienced in opening 
them on the opening table so that they could be reheated and 
rolled satisfactorily on the hot mills. 

Leaving the matching table, the packs of three passed 
through the last three stands, being transferred from stand 
to stand by means of chain conveyors. As the pack of three 
left the last stand of the mill, it was delivered onto another 
conveyor, where it had an opportunity to cool slightly, then 
passed through a five-roll flattener which loosened the pack, 
and then to the mechanical doubler. The doubled packs, 
which were now 19 gage, were then transferred by an over- 
head crane to the rear of the sheet furnaces of a five-stand, 
standard-type sheet finishing train. 

The reheated packs were drawn from the front of the 
sheet furnaces and finished in the usual manner, being re- 
duced in one heating to an average gage of 2514. 

The Mercer mill operated intermittently from November, 
1905 to the last of October, 1907. There were no operations 
in 1908 but it operated intermittently during 1909 and until 
May, 1910, when the mill was permanently shut down. 

The best 24 hour tonnage was 110 gross tons, the best 
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month, 2,894 tons, and the total production during the life 
of the mill, 29,053 tons. 

The mill crew was the same as was used on the Monon- 
gahela mill: roller, roller’s helper, charger-heater, rougher, 
watcher, matcher-doubler, doubler’s helper, and greaser. 

On account of the character of the drive a great deal of 
breakage was experienced in gears, spindles, and shafts, and 
upon the breakage, in May, 1910, of one of the main shafts, 
it was felt that the high cost of operation and the poor 
prospect of satisfactorily reducing these costs through re- 
arrangement of the mechanical drives, did not justify the 
large expenditure that would be required, and the mill was 
dismantled in 1910. 

While the direct labor cost per ton, was $1.80 less than on 
the old style mill, the higher costs, in maintenance $2.00, rolls 
$1.00, scrap $1.00, miscellaneous $.80 or a total of higher 
items of $4.80, left a net higher cost of operation for the mill, 
as compared with the standard mill, of about $3.00 per ton. 


THe ASHLAND SHEET MILL 


During the years from 1913 to 1921, the American Rolling 
Mill Company, with plants at Middletown, and Zanesville, 
Ohio, had been conducting a series of experiments with the 
object of determining the fundamentals of sheet rolling, and 
from these had developed a plan for a continuous process of 
rolling sheets. Like previous attempts, the plan was» 
developed from the sheet mill bias, and called for rolling in 
sheet lengths rather than in strip lengths, the old sheet bar, 
however, being discarded and replaced by a wider and thin- 
ner section. 

The purchase by the American Rolling Mill Company, of. 
the Ashland Iron and Mining Company property in Decem- 
ber, 1921, offered the opportunity of trying out these plans 
on a major scale. It was proposed to build a sheet mill 
which would take a 10,000 pound ingot, and without allow- 
ing it to become cold, to reduce it to 16 gage and heavier 
sheets, of the usual widths and lengths, and, after reheating, 
to further reduce to 22 gage and heavier. 
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Construction was commenced early in 1923; the first bar 
plate was rolled in December of that year; and the first 
sheet in January, 1924. 

The installation, in brief, consists of the following: a bar 
plate mill of seven stands, a rough sheet mill of seven stands, 
and a sheet mill of five stands. 

The bar plate mill consists of seven stands of two-high 
rolls, of which stands 1, 2 and 3 are balanced and driven 
through a stand of pinions, on the outside of the roll stands 
and mounted on the same shoes. Stands 4, 5, 6, and 7 are 
driven through the bottom roll, with a drag on the outside 
wabbler end. The top rolls are driven through a light spindle 
and slip coupling from the gear reduction. 

Between stands 2 and 3 and between stands 4 and 5 are 
vertical edging rolls, driven from the same motor that drives 
the horizontal rolls preceding them. Each mill, except the 
edgers, is driven by a separate motor. 

The general arrangement of the passes is shown in the 
table below: 


Pass TABLE 
Distance to Motor 


Pass Rolls 

No. Type Diameter Length R.P.M. next pass H.P.. RPM. 

4 “AS ae 58” 14 19 ut 300 585 

2 flat 0! 58 20 10? 7 0” 

3 vertical edger 100i ‘300 585 

: ee 30! 58” 25 19’ Q” 300 585 
at, 30” 58” 25 10% 20% 

6 vertical edger 1h a 300 585 

7 flat 30” 58” 25 Lo. Ge 500 3585 

8 flat 30” 58” 36 24 ED'S 500 870 

9 flat 30” 58” 36 600 870 


The 36-inch slab from the blooming mill is given a thick- 
ness of from 3 inches to 4 inches according to the weight of 
the bar plate desired. Before entering the mill the slab 
passes through a roller-bottom holding furnace, 29 feet 7 
inches long, with the slab shear close to the outlet end. The 
front end of the slab is advanced to the shear and the front 
crop removed, then a slab is cut whose length is that required 
to give the width of the bar plate. The table is then reversed 
and the balance of the slab is returned into the holding. 
furnace until the mill is ready for the next cut. 

After the slab is cut off by the shear, it passes to a skew 
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table and is turned 90 degrees so that the sheared ends of the 
slab become the edges of the bar plate. The slab enters the 
first of the seven stands and passes through each set con- 
secutively, until it emerges from the last stand as a bar plate 
of the desired width, from 5{¢ inch to 76 inch thick and 
approximately 30 feet long. The rolling of the bar plate is 
discontinuous, that is to say, the piece is never in more than 
one stand of rolls at a time except that, on the lighter gages, 
it may enter No. 7 stand before it leaves No. 6. 

It should be noted that the direction of rolling of the bar 
plate is at right angles to the direction in which the slab was 
rolled in the blooming mill. 

The rough sheet, or jobbing mill, consists of seven stands, 
of which the first three are two-high stands, identical with 
those of the bar plate mill, and the last four stands are 
three-high, with a small (14-inch) middle roll. The bottom 
roll only is driven and ‘the piece is worked between the 
bottom and middle rolls. 

The first two stands of the rough sheet mill are driven by 
a 2000 H.P., constant speed, A.C. motor through a primary 
gear reduction to a shaft midway between the stands, and 
then through a secondary gear reduction to the two mill 
shafts. The third and fourth stands are driven by a motor 
and gear reduction identical with the above. 

The last three stands are driven by an 1800 H.P., A.C. 
motor with Sherbius ‘control, giving a speed range from 247 
to 370 R.P.M. The motor drives through a primary gear 
reduction to the shaft of No. 6 stand, and then through a 
secondary gear train to the shafts of stands No. 5 and No. 7. 

The general arrangement of the passes is shown in the 
table below: 


Pass TABLE 


Pass Rolls Distance to Motor 
No. Type . Diameter Length R.P.M. next pass Her. R.P.M. 
1 flat 30” 58” 45 lee Oe 
2 flat 30” 58” i315" o” $2000 505 
3 flat 30” 58” 45 Ow 
4 flat gor" 5g" RTA ee ele Rae 
5 flat 30”* 58” 43.2 to 64.6 11’ ug 
6 flat 30% 58” 51.0 to 66.5 10’ 1114” }1800 247 to 370 
7 flat BOE Do 97.0 to $5.0 


* Three-high stands with middle roll of 14”” diameter. 


398 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


The last stand of the bar plate mill and the first stand of 
the rough sheet mill are separated by a space of 228 feet 
5 inches. In front of the first stand of the rough sheet mill 
is a furnace and a shear. The bar plate passes through the 
holding furnace, which is 31 feet 8 inches long, and then to 
the shear, where it is cut into lengths to give the weight of 
the finished sheet desired. The temperature of the rear end 
of the bar plate is maintained by the holding furnace in the 
Same manner as was described for the slab holding furnace. 

When the bar plate, cut to the proper length, leaves the 
shear, it passes to the first stand of rolls without turning and 
then goes through each stand of rolls in succession and leaves 
the last set of rolls as a sheet from 16 gage (.0625 inch) to 6 
gage (.203 inch) for shipment, or from .065 inch to .095 inch 
when destined to be reduced to lighter gages on the sheet mill. 

The rough sheet, after leaving the last stand of rolls, 
passes over a runout table to a matcher, then to a weighing 
table, and then to a sheet piler where it is stacked up in a 
pile about 3 feet high and transferred to the jobbing mill 
warehouse for distribution to the shearing, pickling, anneal- 
ing and shipping departments. 

When sheets of a gage lighter than 16 are required, they 
are further reduced on the hot sheet mill. This sheet mill 
is a separate unit from the previously described mills, the 
rough sheets being allowed to become cold before being 
delivered to the sheet mill. Like the bar plate mill and the 
rough sheet mill, however, it is continuous in its operation. 

The sheet mill consists of a series of furnaces and rolls 
arranged in a straight line, so that the pack passes directly 
from one to the next. 

The rough sheets from the stock in the jobbing mill ware- 
house are first pickled in a standard type of batch pickler 
and are then delivered to a cropping shear where they are 
matched in packs of two and the crops removed. Leaving 
the cropping shear, the packs fall on a chain conveyor and 
are carried into the first continuous furnace. This furnace 
consists of two sections each 70 feet long, or a total heating 
length of 140 feet. The pack is carried through this furnace 
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at a rate of about 150 feet per minute, giving a heating time 
of about one minute, which is sufficient to raise the steel to a 
rolling temperature. 

As the pack leaves the heating furnace, it passes imme- 
diately into the first stand of rolls and then into the second 
set. From the second set, it passes into a second heating 
furnace 28 feet long which serves to restore the heat lost in 
rolling. From the second furnace, it passes into a third set 
of rolls, then into a third furnace and a fourth set of rolls, 
and then into a fourth furnace and a fifth set of rolls. 

The five stands of rolls of the sheet mill are all three-high 
with rolls 30 inches and 14 inches by 58 inches, similar to 
those of the last four stands of the rough sheet mill. Stands 
1 to 4 inclusive are each driven by a 300 H.P., constant 
speed, A.C. motor, and stand 5 by a 400 H.P. motor, each 
through a gear reduction. The roll speed of all stands is 25 
R.P.M. 

The general arrangement of the passes is shown in the 
table below: 


Pass TABLE 


Pass 


Rolls Motor 
No. Type Diameter Length R.P.M. HP. 


R.P.M. 
1 flat 30’’* 58” 25 300 585 
2 flat a0 58” Zo 300 585 
reheated 
3 flat Bt fee 58”’ 25 300 585 
reheated 
4 flat Stiles 58” 25 300 585 
reheated 
5 flat {0 is 58” 25 400 585 


* Three-high stands with middle roll of 14’ diameter. 


The finished sheets leave the last stand of the sheet mill 
at about 18 to 22 gage, or a little heavier if they are to be 
cold rolled. The finished sheets are edge-sheared on a rotary 
slitter, then cut to length on a cross-cut shear. 

The bar plate mill not only breaks down material for the 
rough sheet mill but also produces bar plate for shipment to 
the other sheet mills of the company replacing the sheet 
bar formerly used. It also produces a fairly large amount of 
pipe skelp for the manufacture of lap welded Ingot Iron pipe. 

The rough sheet mill produces black sheets for shipment, 
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as well as blue annealed sheets, in widths up to 48 inches and 
in gages from 6 to 16 inclusive, in addition to the rough 
sheets produced for further reduction to lighter gages in 
the sheet mill. 

The production of the Ashland Plant was over 24,000 
tons in both May and June of the present year, and this was 
limited, not by the capacity of the mill, but by the open- 
hearth production. Two more furnaces are now being added 
and it is not expected that this will give a production in 
excess of the capacity of the mill to handle it. Of the 24,000 
tons produced over 10,000 tons was in sheets of 16 gage and 
lighter that went into the highest grade of automobile body 
and crown fender stock. 


THe Butter 42-inch MILu 


In 1924-5 plans were laid for the commercial production 
of broad strips in widths up to 36 inches and 18 gage and 
heavier. 

The steel plant at Butler, Pa., known as the Forged 
Steel Wheel’ Company, was consolidated with the allied 
interest, the Columbia Steel Company, of Elyria, Ohio, the 
consolidation taking the name of the latter company. On 
August 1, 1927, the ownership of the combined companies 
passed into the hands of the American Rolling Mill Company. 

The construction of the mill was commenced early in 
1926, the buildings housing an 18-inch and an 18-inch—12- 
inch-9-inch merchant mill being utilized to house the new 
mill. Two producer gas fired, continuous heating furnaces, 
14 feet wide inside by 55 feet long, belonging to the 18-inch 
merchant mill were utilized to heat the slabs for the new 
mill. Slabs were produced on the universal slabbing mill 
belonging to the steel plant of the Forged Steel Wheel Com- 
pany, and ranged in size from 12 inches to 36 inches in width, 
by 21% inches to 5 inches in thickness, and from 6 feet to 12 
feet 6 inches in length. 

The slabbing mill consists of a two-high, reversing, 
universal roughing stand with vertical rolls on both sides. 
The horizontal rolls are 27 inches by 48 inches and the 
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vertical rolls are so arranged as to go back into the housings 
and give a maximum opening of 37 inches thus utilizing 
nearly the full length of the body of the horizontal rolls. 

The finishing mill, located 165 feet away from the univer- 
sal mill, consists of four stands of 1614-inch and 40-inch 
by 42-inch four-high rolls, equipped with roller bearings, 
and spaced on 22-foot centers, with loopers between. 

The universal roughing stand is driven by a 5000 H.P., 
reversing, D.C. motor, having a speed range from 0 to 150 
R.P.M., directly connected to the mill. The four finishing 
mills are each driven by a 2000 H.P., adjustable speed, D.C. 
motor connected to the mill through gear reduction. Total 
HP.) 13,000: 


Pass TABLE 


Pass Rolls Distance to Motor 

No. Type Diameter Length RPM, next pass H.P. R.P.M. 

1 universal 

2 universal 

3 universal PH a 48” 0 to 150 1657 0'2"50002 0't0.1'50 

4 universal 

5*universal 

6 flat 164%” 42” 55.4t0 110.8 22’ 0” 2000 200 to 400 

wt , 

7 flat 164%" 42” 76.70 153.4 22’ 0’ 2000 200 to 400 
327 

8 flat 164%” 42” 96.4t0 192.8 22’ 0’ 2000 200 to 400 
S27 

9 flat 164” 42” 107.4 to 214.8 2000 200 to 400 
Boe 


* The slab is given a varying number of passesin the roughing stand. 


The heated slab, after leaving the furnace, passes through 
a scale breaker consisting of five staggered corrugated rolls 
which serves to break up the furnace scale. It passes to a 
manipulator which turns it over and knocks off the loosened 
seale, and then passes to the mill. 

The slab receives from 5 to 7 passes in the universal 
stand where it is reduced to a thickness of from 14 inch up to 
14 inch, according to the required thickness of the finished 
‘strip. On leaving the universal mill it passes direct to the 
finishing mill, receiving one pass in each stand. 

From the last stand of the finishing mill, the piece travels 
down a roller table to a coiler where it is coiled up for further 
operation. Heavy gage material may also be cut to length 

26 
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by a shear in the line of the roller table without passing 
through the coiler. 

This mill represented the first application of the four- 
high mill to the hot rolling of strip, and this, together with 
the high finishing speed, was the means relied upon to 
secure the thin gage and wide width desired. 

The mill started operation in November, 1926 and has 
produced strips from 12 inches to 36 inches in width and from 
346 inch down to .058 inch in gage. The mill has rolled as 
much as 1000 tons in 24 hours and in March, 1927 produced 
over 14,000 tons, and in June, 1927 over 16,000 tons of hot 
rolled material. 

The hot strip sheet mill was designed to produce gages 
as light as No. 16 only. When lighter gages are required 
they are produced by cold rolling. 

For this purpose there are six four-high cold mills located 
in a parallel bay of the building, the intermediate bay being 
occupied by the continuous pickling and annealing equip- 
ment. The coils of hot finished material are transferred to 
this latter bay where they are passed through a continuous 
pickler, being uncoiled just before entering the pickling bath, 
the front end of each coil being welded to the back end of the 
preceding coil in such manner as to make the process con- 
tinuous. After pickling, the strip is coiled up again and the 
coils divided by shearing out the welded portion. The 
pickled coils are then transferred to the cold mill building 
where they receive the required number of passes to reduce 
them to the gage desired. The coils are then transferred 
back to the central bay where they are annealed in a con- 
tinuous furnace to remove the effects of the cold rolling. 
After annealing it may or may not receive a further reduc- 
tion as determined by the physical properties desired. 


THE DEVELOPMENT OF THE Four-HieH MI. 


At this time, a word or two regarding the development of 
the four-high mill will not be out of place. The earliest 
application of the backing-roll principle, as applied to the 
rolling mill, of which we have any record, is in 1864 when 
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Mr. Bernard Lauth, at that time one of the partners in the 
American Iron Works, which later became the Jones and 
Laughlin Company, patented the type of mill which bears 
his name, the Lauth plate mill (see Fig. 18). 


Fig. 19.—Patent, H. F. Mann, No. 46371, 1865. 
Mr. Lauth realized that the work of rolling could be done 
more rapidly and with the expenditure of less power the 


smaller the diameter of the rolls used, provided only that the 
roll had the strength to withstand the pressure. To accom- 
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plish this result he devised a mill in which one roll of small 
diameter worked between two rolls of larger diameter and 
was supported by them over its entire length. The plate 
being rolled was passed alternately between the large bottom 
roll and the small middle roll, and between the large top roll 


Fig. 20.—Patent, G. F. McCleane, No. 104177, 1870. 


and the small middle roll. The middle roll was generally 
made about two thirds the diameter of the two large rolls 
which serve alternately to support it against the bending 
stresses set up by the rolling. 

The invention was not restricted to three-high rolls but 
included the use of two or more small rolls, or four-high and 
other mills. 
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In the next year, 1865, we find a patent by Henry F. 
Mann, of Pittsburgh, Pa., which covers the use of a pair of 
Supporting rolls to each small diameter roll, this being, of 
course, the principle of the cluster roll mill (see Fig. 19). 

In the same year we find a patent by George F. McCleane 
covering a typical four-high mill, in which the special claim 
is made that the two small working rolls shall be located in a 
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Fic. 21.—Patent, 8. R. Wilmot, No. 222973, 1879. 


vertical plane somewhat in advance of the plane of the 
supporting rolls (see Fig. 20). 

In 1879, Mr. 8. R. Wilmot, of Bridgeport, Conn., ob- 
tained a patent on the ‘‘ Baby Roll”’ mill, consisting of a small 
working roll lying loosely on, or against, and without any 
other support than, the working rolls. Several cold rolling 
mills were built according to this design, the three support- 
ing rolls. being about three times the diameter of the small 
roll, and being arranged symmetrically about its center. No 
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bearings were used on the small roll. The strip was worked 
between the large single top roll and the small middle roll, 
this in turn being supported by the two large lower rolls 
(see Fig. 21). 7 

The ‘Baby Roll”’ mills were still in operation as late as 
1925. 

The next occurrence of the multi-roll mill of which we 


Fic. 22.—Patent, J. A. Potter, No. 477821, 1892. 


find any record is the Armor Plate Mill of the Homestead 
Works of the Carnegie Steel Company. The design of this 
mill was covered by a patent issued to John A. Potter, Mun- 
hall, Pa. The basic element of the claim is that of driving 
the working rolls only, the large supporting rolls bearing 
frictionally thereon and being driven only by such friction 
(see Fig. 22). 

This mill was built about 1891 and had two working 
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rolls, 26 inches by 110 inches, and two backing rolls, 32 
inches by 110 inches; and except for the addition of roller 
bearings on the backing rolls is practically identical with the 
four-high mills of the present day. This mill is still in opera- 
tion, having been changed to a universal slabbing mill by the 
addition of a set of vertical rolls in a Separate housing, these 
also being furnished with two working rolls and two backing 
rolls. 

For practically thirty years we find no record of the use of 
the backing roll principle, until in 1916, the Lukens Steel 
Company, Coatesville, Pa., put in a 206-inch plate mill of the 
four-high type. This was a reversing mill with two 32-inch 
working rolls and two 50-inch backing rolls and is today 
making the widest and heaviest plates made anywhere in the 
world. 

In 1923 the International Nickel Company purchased a 
mill for their Huntington Plant, for rolling thin sheets of 
nickel and monel metal, designed on the cluster roll prin- 
ciple with two working rolls of 12-inch diameter and four 
backing rolls of 24-inch diameter all of approximately 40- 
inch length. 

The results obtained from this mill were so remarkable, 
both in respect to thin gage, and to uniformity of gage across 
the sheet, that immediate attention was drawn to this type 
of mill. One additional mill of this type has since been built 
for the International Nickel Company and four of the same 
type for the Cuyahoga Works of the American Steel and 
Wire Company. 

In the same year the Allegheny Steel Company, Bracken- 
ridge, Pa., installed an experimental mill of the four-high 
‘ type, but without roller bearings, and they have since added 
four similar mills equipped with roller bearings. 

In 1925 the Rome Brass and Copper Company installed a 
mill of the four-high type, equipped with roller bearings, 
which fulfilled every requirement, and was the model on 
which succeeding mills of this type were built. 

There are at the present time approximately seventy 
four-high and cluster mills, either in operation or building. 
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By the time the Butler Mill had started operation three 
other companies had either actually begun the construction 
of mills for the production of this broad strip, or had defi- 
nitely committed themselves to this course. 

The first to start the engineering work was the Weirton 
Steel Company who have built, from the ground up, a new 
plant for the production of the wide material. 

The first to start operations was the Trumbull Steel Com- 
pany who were fortunate enough to be able to remodel an 
existing mill to produce the wider sizes. 

The third was the American Sheet and Tin Plate Com- 
pany, whose mill is not yet in operation. 


Tuer TRUMBULL 42-INcH MILL 


The first of these was the Trumbull Steel Company who 
had converted their existing strip mill into a mill to produce 
broad strip in widths up to 36 inches. This mill was origi- 
nally built in 1916 and has already been described. In its new 
form it was placed in operation June 15, 1927 (see Fig. 23). 

The remodeling of this mill has converted it into a 
straight line continuous train. The three (11 feet by 41 
feet) producer gas-fired, continuous furnaces belonging to the 
old mill were utilized in the new installation. The slab 
shear was eliminated. The first horizontal edger and its 
drive was removed and replaced by a new vertical edger. 
The roughing stands of the old mill were widened out to 
accommodate rolls 2214 inches by 42 inches. The vertical 
edgers following No. 3 and No. 6 were replaced by new and 
heavier machines, and the vertical edger following No. 8 
was eliminated. The old strand train and the continuous 
finishing were taken out and replaced by one stand of two- 
high and five stands of four-high rolls, 16 inches and 32 
inches by 42 inches in line with the roughing, and in two 
groups of three stands each. 

The mill is driven by the original 1500 H.P. motor on the 
roughing, by a new 5000 H.P., adjustable speed, A.C. motor 
with Sherbius control on the first three stands of the finish- 
ing. The last three stands of the finishing are driven by the 
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three 2000 H.P. motors from the former arrangement of the 
mill. The first vertical edger is driven by a 300 H.P., adjust- 
able speed, D.C. motor and the second and third by 100 
H.P., adjustable speed, D.C. motors. Total H.P., 13,000. 

The finished strip, on leaving the last pass of the mill, is 
delivered to a double cooling bed 160 feet long and 22 feet 6 
inches from center of hot runout to center of each cold run- 
out. At the end of the hot runout is a coiler for handling 
material in coils. In connection with this is a conveyor on 
which the coils are allowed to partially cool and from which 
they are removed by a magnet and overhead crane. 

In line with each cold runout is a shear and gage table 
and a bar piler for handling material in cut lengths. Scales 
are provided for weighing each class of material. 


THe WeErRToN 54-INcH MILL 


The next broad strip mill to go into operation was that of 
the Weirton Steel Company which started operation on 
August 10, 1927. This mill was designed to produce broad 
strip from 16 inches to 48 inches in width; 16 gage and 
heavier. 

The mill uses as raw material, slabs from 16 inches to 
42 inches in width, 234 inches in thickness, and from 3 feet 
to 10 feet in length. These are heated in three producer gas- 
fired, recuperative, continuous furnaces. Space is provided 
for an additional furnace if required in the future. 

The roll train consists of one stand of two-high rolls 32 
inches by 66 inches, and eight stands of four-high rolls, of 
which three stands are 18 inches and 40 inches by 54 inches 
and are provided with a set of vertical rolls in the same hous- 
ings. The remaining five stands are 16 inches and 40 inches 
by 54 inches. 

The motor drive comprises three 1500 H.P., constant 
speed, A.C. motors, two 2000 H.P., adjustable speed, D.C. 
motors, and three 2500 H.P., adjustable speed, D.C. motors. 
There are also three 200 H.P., adjustable speed, D.C. motors 
on the edging rolls. Total H.P., 16,600. 
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THe AMERICAN SHEET AND Tin Puate Mit 


The American Sheet and Tin Plate Company has a broad 
strip mill well under way at the Gary Plant which will consist 
of a straight tandem train arranged as follows: 

First: a horizontal edger followed by a dividing shear. 
Second: two stands of two-high flat rolls. Third: two stands 
of two-high flat rolls preceded by an edger. Fourth: two 
sets of four-high rolls. Fifth: four sets of four-high rolls. 

The first horizontal edger is driven by a 350 H.P., con- 
stant speed, A.C. motor. The second group and the third 
group are each driven by an 1800 H.P., constant speed, A.C. 
motor. The fourth and fifth groups of six stands are driven 
by six motors, each 2500 H.P., adjustable speed, D.C. Total 
H.P., 19,150. , 

The mill is designed to rough down sheets for the tin mill, 
producing 16 to 18 gage material in about 180-foot lengths. 
These will be recut into short lengths and finished to lighter 
gages on the regular tin mills. 


The character and extent of the advance in rolling mill 
practice, represented by the new broad strip mills and by the 
continuous sheet mill can perhaps best be appreciated by a 
study of the maximum widths rolled in the various gages. 
In tabulated form data are shown below, in which the letters 
A to E represent the following classes or types of mills: 

A—Hand operated strip mill, 1900-5. 

B—Tandem rougher, strand finisher, strip mill, 1905-20. 

C—Tandem rougher, continuous finisher, strip mill, 
1920-5. 

D—Four-high tandem finisher, broad strip mill, 1926-7. 

E—Continuous sheet mill, 1924. 


Thickness Maximum width 
Inches BWG A B Cc D E 
049’’ 18 8” 6% gly” ed oS 
065” 16 102 1077 Wea Die AO 
083” 14 NPS 134%” 18” oe: ae 
109” 12 mare 16” 214 
134” 10 ae ile ow 
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Arranging the data in graphic form is still more illum- 
inating as shown on the chart (see Fig. 24). This chart 
shows distinctly what a decided gap there is separating the 
dimensional range of the wide strip mill and that of the 
broad strip mill and the continuous sheet mill. 

A cursory examination of these curves indicates that they 
are all of the same general character, and can be represented 
by equation of the same form but with different constants. 


Characteristic Curves 
elation between Gage and Mas width. 


fandem Fin. 


Maximum [width in inches 
4 . 


Le 
20 2 30 ED) 45 


Fia. 24.—Chart showing Range of Sizes. 


This equation may be called the “characteristic equation” 
_ of the mill and may be assumed as of the form: 


x én (y = 0) 


where y equals the gage of the strip in decimals of an inch 
and x equals the maximum width in inches for that gage. 
p and ¢ are constants which may be determined by experi- 
ment and are different for different mills and different rolling 
conditions. 

The figures in the table and the chart should not be taken 
to represent accurately any particular mill, but are intended 
only to represent a general relation. They do, however, 
show that the field of the new mills is radically distinct from 
that of the standard type of wide strip mill which preceded it. 
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It is too early in the day to predict the future of this new 
type of mill in which, after half a century of separate develop- 
ment, the strip mill and the sheet mill have come together, 
but the best minds in the steel industry agree that it repre- 
sents a tremendous advance in the art of rolling. That the 
operation will be a success, and that the broad strip, or con- 
tinuous sheet mill, has come to stay is generally conceded, 
but that it will entirely supersede the hand sheet mill is 
questioned. 

There is a considerable tonnage of certain classes of 
sheets that, in all probability, will for years to come be made 
on the hand sheet mill. There is also a large aggregate 
tonnage, made up of small lots of special sizes, which will 
have no place on the schedule of the new mills. The eco- 
nomical limit of gage that can be produced on the continuous 
mills is today not lighter than 16 gage. This will mean that, 
for the present at least, a great part of the sheet tonnage 
produced will be open to other methods. Some will be pro- 
duced by rerolling hot as in the Ashland system, some will 
be produced by cold rolling, and the remainder will be pro- 
duced on the existing hand mills. ; 

The old style sheet mill represented but a small invest- 
ment whereas the new type of mill represents a tremendous 
investment, say anywhere from five to fifteen million dollars, 
and only those companies best situated financially will be in 
a position to enter the field, and reap the benefits of antici- 
pated economies in operation. 

Undoubtedly as the older mills become economically 
unprofitable, which they would do eventually in any case, 
they will not be replaced and will gradually fade out of the 
picture but, as has been the case with almost every other 
innovation, the new method will create its own demand for 
its product, over and above the existing demand, and the old 
will continue to maintain its existence alongside the new. 
Any disturbance of the existing order of things will be grad- 
ual rather than abrupt. 

For the material contained in this paper, the author is 
indebted to the executives of the various plants described, 
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and especially to the following, without whose codperation 
the preparation of the paper would have been impossible: 
Charles W. Bennett, Vice President, American Sheet and 
Tin Plate Company; Charles R. Hook, Vice President, Amer- 
ican Rolling Mill Company; James Lippincott, President, 
West Leechburg Steel Company; and J. C. Williams, Vice 
President, Weirton Steel Company. Acknowledgment. is 
also due Mr. J. E. Graf, Chief Draftsman for the American 
Sheet and Tin Plate Company, for his painstaking work in 
the preparation of the plates accompanying this paper. For 
the information concerning the Teplitz sheet mill the writer is 
indebted to an article by Professor S. B. Ely in the Proceed- 
ings of the Engineers Society of Western Pennsylvania for 
1902. 


[The author has supplied the following additional infor- 
mation with regard to the Trumbull Steel Company Mill, 
described on pages 365 to 368. Eb.] 


RANGE OF SIzEs 


1918-20 1921-22 1923-7 
18 gage .049” 5 to) LO” B’ to 10% 5” to 10” 
16 gage .065’ bite le” 5” to 14” 5” to 14” 
14 gage .083” 5” to: 14" ae pa 5’ to 16” 
12 gage .109” BH tole? 5 to 187’ BH tonne 
Propuction (Net tons) f 
1918-20 1921-22 1923-7 
Best turn, 1014 hours, 434 354* 
Best day, 24 hours, 811 965 
Best month, 7,212 15,355 
Best year, 60,581 76,347 118,807 


* Turn of eight hours. 


THE CHAIRMAN (Mr. John A. Topping): Mr. Badlam’s 
very interesting paper on this new development is to be dis- 
cussed first by Mr. C. W. Bennett, Vice-President, American 
Sheet and Tin Plate Company, Pittsburgh, Pennsylvania. 


Discussion By C. W. BEennerr 
Vice-President, American Sheet and Tin Plate Company, 
Pittsburgh, Pa. 

Mr. Badlam’s most interesting paper on ‘‘The Evolution 
of the Wide Strip Mill” chronicles the development of strip 
rolling during a period of approximately thirty years, begin- 
ning with a band of steel, which has grown by progressive 
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Stages to the present-day broad strip which enters the field 
and, to a certain extent, displaces the product of the class of 
mills heretofore known as sheet mills. The degree of dis- 
placement of the product of the old style mill by the new 
product is, as yet, speculative. Since 1924, when the maxi- 
mum width of strip steel rolled was approximately 24 inches 
(in any gauge) and only about 16 inches in 16 gauge, we have 
witnessed the development of mills to produce from 36 inches 
to 42 inches in width in 14- to 16-gauge material in lengths 
greatly exceeding the limits of the old style sheet or tin mill. 
The improvements in recent years in the design of rolling 
mills, gear drives, electric motors and auxiliary equipment, 
have contributed greatly to the success of the new methods of 
rolling. All of the earlier efforts to improve on hand methods 
of sheet rolling were handicapped and, in some instances, 
failed because adequate equipment was not available rather 
than because of fault in the general plan. The advance in 
the art of strip rolling in the past few years marks a humani- 
tarian step forward in the substitution of mechanical power 
for physical labor in rolling mills. 

Mr. Badlam has referred to the probable limitations and 
prospective fields of the several groups or classes of mills, 
namely, what are known as: 


(1) Old style sheet mills, 

(2) The modern broad strip mill, and 

(3) The type of mill intermediate of these two classes, and 
embodying something of the characteristics of both. 


It would seem to be of interest to comment somewhat 
further on the economic and commercial aspects of the exist- 
ing situation in the sheet industry, including therein black 
plate for tinning. There are in the United States, in round 
numbers, 600 tin plate hot mills and 800 sheet hot mills, these 
having an aggregate annual capacity of approximately 
7,500,000 gross tons of sheets of 10 gauge and lighter. One of 
the modern broad strip mills (or a tandem bar plate and sheet 
mill) has a capacity of approximately 400,000 gross tons per 
annum of 16- to 18-gauge product, equivalent to that of forty 
to fifty old style sheet or tin mills. 
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Naturally, there is active thought as to the status of the 
old style mills, their ability to compete with the new mills, 
and their commercial future. One of the most important 
factors in the cost of operation of the new type mill is tonnage 
to maintain regular operation. The number of widths and 
gauges making up the daily rolling schedule affects the pro- 
duction of the mill and, concurrently, the cost of operation. 
Another item is the “interest and depreciation charge” on 
the investment of eight million dollars ($8,000,000), in round 
numbers, in a mill of this character. Statements have been 
current that savings may be expected in the operation of 
the new type mills of $12 to $15 per ton; careful analyses 
indicate that the actual saving will not exceed and in most 
cases will be less than half of these figures. 

It is probably a safe assumption that over 80 per cent. of 
the saving from one of the new mills will be in the item of 
labor. Assuming that one of these mills has a capacity 
equivalent to 50 mills on sheet or black plate roughing to 16 
gauge, v. e., about 500 tons in eight hours; that hand roughing 
mill crews aggregate 400 men; and that the new type mill will 
require a crew of 70 men to roll slabs to 16 to 18 gauge and 
prepare the product for subsequent finishing—we see then 
that the saving of labor of 330 men, at an average wage of 
$8 per turn (which is probably high) represents a total of 
$2,640 per turn, or something over $5 per ton. To this figure 
should be added the smaller items of saving in power, fuel 
for heating, reduced steel loss, etc., making up the total 
saving apparent at this time of $6 to $8 per ton. 

Giving due credit to the importance of recent develop- 
ments in the rolling of wide strip or sheets, which mark dis- 
tinct economic and humanitarian advances in steel mill 
operation, the new mills have certain inherent limitations, 
which should not be overlooked in a study of their relations 
to old style mills. In some cases a group of hand mills may 
well complement a continuous mill installation to secure a 
desired increase in plant capacity. For the gauges at present 
within the range of the new type mill, it will be found that 
cost of installation of such a mill is practically that of the 
equivalent tonnage group of old style mills, without, however, 
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the flexibility of operation of the single mills. Until the new 
type mill is developed to the Stage of satisfactorily and 
économically handling practically the entire range of sheet 
mill gauges and widths, the old style mills have their field and 
may well supplement the new type for some time to come. 


At the close of Mr. Bennett’s discussion Mr. Topping 
called upon Mr. E. A.S. Clarke, Secretary of the Institute to 
take the chair. 


THE CHAIRMAN (Mr. E. A. 8S. Clarke): There will be a 
further discussion of the paper of Mr. Badlam by Mr. F. C. 
Biggert, Jr., President, United Engineering and Foundry 
Company, Pittsburgh, Pennsylvania. Mr. Biggert is not 
present. His paper will be read by Mr. Lane Johnson. 


Discussion By F. C. Biagert, Jr. 
President, United Engineering and Foundry Company, 
Pittsburgh, Pa. 

Mr. Badlam has presented a most interesting paper and 
certainly deserves the thanks and congratulations of this 
Institute. Having been provided with an advance copy of 
the paper, I have carefully read it and have not found any 
misstatements or other reasons to criticize. 

As representing a firm which has been largely instrumental 
in introducing the 4-high mill, I shall, therefore, devote my 
brief remarks to a discussion of the possibilities of this type. 

In the first place, it should be noted that the 4-high mill is 
equally adaptable to hot and cold rolling; the only important 
difference being in the kind of rolls used. 

In hot rolling, we first used chilled working rolls and 
medium carbon steel backing rolls. This has since been 
changed to a very close-grained iron alloy working roll and a 
high carbon steel alloy backing roll. In some of the mills, the 
original rolls spalled and gave trouble from tail marking. 
Both of these difficulties have been eliminated by the later 
substitution, and while it cannot be said that the best possi- 
ble combination has been determined, roll cost has been 
reduced to a satisfactory figure. 

27 
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In cold rolling, the working rolls are of hardened steel, 
and medium carbon steel backing rolls have given satis- 
factory service. We believe, however, that higher carbons 
and alloys will still further improve the backing rolls. 

So far the maximum commercial accomplishments of the 
mills are about as follows: 

Hot rolling 16 gauge, 38 inches wide in strip lengths. 

Cold rolling 24 gauge, 30 inches wide in strip lengths. 

Somewhat wider material has been rolled in these gauges, 
but not in quantities sufficient to prove the operation com- 
mercial. 

The hot mills run at delivery speeds ranging around 800 
feet per minute with every indication that 1000 feet is prac- 
tical. If we assume 800 feet delivery speed when rolling 30 
inches wide by 16-gauge material, the theoretical discharge 
is about 214 long tons per minute, or 135 tons per hour. It is, 
therefore, conservative to say that on this product the mill 
should average between 40 and 50 long tons per hour. 

In cold rolling, the speeds used so far have been between 
100 and 200 feet per minute, but undoubtedly greater speeds 
will soon develop. A 16 gauge, hot rolled strip may be 
reduced to 24 gauge in one trip. through a train of 4 or 5 
tandem cold mills, and assuming 150 feet per minute delivery 
the theoretical discharge on 30-inch wide material will be 10 
long tons per hour. 

Cold mills can be run at better than 90 per cent. efficiency, 
while in actual operation an overall efficiency of 80 per cent. 
is easily possible, so that eight tons per hour from a train is a 
very conservative estimate. 

From what I have seen of this cold rolling operation, I am 
willing to express the opinion that within two or three years 
speeds of 300 feet and production approaching 15 tons per 
hour on 24 gauge material, will be accomplished. 

A hot strip mill, with enough cold mills to reduce all its 
product to 24 gauge, can be laid down complete for about 
$9,000,000 and may be safely rated at 40 tons per hour. The 
raw material is slabs produced on the blooming mill. 

About 40 sheet mills and a sheet bar mill would be 
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required to produce a like tonnage. The sheet mills will cost 
at least $175,000 per unit or $7,000,000, and $2,000,000 will 
just about provide a sheet bar mill. 

The investments per ton may, therefore, be considered 
an offset. 

To be very safe, we may allow a crew of 30 men to receive 
slabs, heat, roll, coil and deliver to the cold mills. With equal 
safety, we may allow 90 men to pickle, cold roll, anneal and 
shear the entire hot mill product into sheet sizes. A total 
crew of 120 men. 

The 40 sheet mills would require a mill crew of 360 men 
plus the sheet bar rolling, shearing and handling crew and the 
pickling, annealing and cold rolling crew. On the most. 
extremely conservative basis, the ratio of crews must be 1 to 
4. On account of the less proportion of skilled men required 
in the strip plant, the wage ratio will be still more favorable. 

The total power consumption per ton for hot and cold 
strip rolling is less than that required to produce like gauges 
on sheet mills. 

Pickling will be done at 14 or 16 gauge instead of at final 
thickness, and pickling cost should accordingly be reduced. 

Scrap losses will certainly be less, as finished coils may be 
500 or 600 feet long and edges will be practically straight. 
This means reduced side scrap and practically no end scrap. 

Please note that I have said nothing about gauges thinner 
than 24 gauge. There are possibilities in strip rolling, of the 
thinner gauges also, but too little is now known to warrant 
even speculation regarding them. 

I admit that much of what I have assumed to be possible, 
has not been actually accomplished, but my observation 
leads me to believe that every possibility I have suggested 
will be not only accomplished but exceeded. 


Tue CuarrMAN (Mr. E. A. 8. Clarke): Our next paper is 
“Behavior of Coke in the Blast Furnace,” by Mr. T. L. 
Joseph, Supervising Engineer, Bureau of Mines, North- 
Central Experiment Station, Minneapolis, Minnesota. 
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BEHAVIOR OF COKE IN THE BLAST FURNACE: 
A REVIEW 


T. L. JosEpxH 


Supervising Engineer, North-Central Experiment Station, United States 
Bureau of Mines, Minneapolis, Minn. 


Furnace operators often find it difficult to relate the 
physical and chemical properties of coke to its behavior in 
the blast furnace, and as a result no satisfactory standards 
of coke quality have been developed. The failure to define 
clearly the properties of coke is no doubt partly responsible 
for retarding progress in correlating some measureable 
property of the coke with its performance in the blast 
furnace. 

MEANING OF COoMBUSTIBILITY 


Perhaps no term has appeared more often in the technical 
literature referring to coke quality than “‘combustibility.”’ 
In 1914, Brassert,? in referring to coke quality, stated: 


“Tt has been recognized that an open-cell structure favors 
rapid combustion, whereas a dense structure retards it. Since the 
speed of combustion primarily affects the furnace practice, it 
appears that the combustibility of cokes should be considered a 
foremost quality.” 


Brassert distinguished a fast-burning coke from a slow- 
burning coke as follows: 


“With fast-burning coke, each molecule of oxygen in the air 
immediately finds its molecule of carbon in the tuyere zone, and 
the combustion takes place rapidly and with great intensity. By 
thus concentrating the combustion in a comparatively small area, 
the highest heat effect is obtained. With a slow-burning coke, on 
the other hand, the molecules of oxygen are not able to combine 
immediately with their molecules of carbon. The result is that 
combustion is carried higher up in the furnace, the heat is spread 
over a larger area, and the top temperature increases. ” 


’ Published by permission of the Director, United States Bureau of Mines 
(not subject to copyright). 


* Brassert, H. A., ‘“ Modern American Blast-Furnace Practice,” Year Book, 
American Iron and Steel Institute, 1914, p. 26. 
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Howland,’ in 1917, stated: 


“That the most desirable thing about a coke is that quality in 
the carbon which will allow its being instantaneously burned to CO 


and thus result in the maximum concentration of heat where 
needed.”’ 


Korevaar‘ relates combustibility with the size of the 
combustion zone as follows: 


“With constant air and furnace factors the most combustible 
carbon has the smallest zone of combustion and, in consequence of 
the law of heat compression, the highest temperature.” 


Sperr and Jacobsen,° in reviewing the work of Koppers, 
refer particularly to the merits of a fast-burning coke and 
state: 


“In Koppers’ opinion, the blast furnace should not be operated 
as a gas producer, but should be operated in such a way as to use 
the minimum quantity of fuel required to reduce the ore and pro- 
duce iron of good quality. This is best accomplished by the use of a 
fast-burning coke. With such a coke, a minimum quantity of air 
is required and so less gas is needed for heating the blast and less 
power is needed for the blowers per ton of pig iron and the pro- 
ducing capacity of the blast furnace is increased.” 


These men ° further expressed their idea of combustibility 
as follows: 


“In the blast furnace process, the time element is fixed and if 
we wish to achieve improvement we must act on the fuel and pro- 
vide that quality which makes possible the desired result. In this 
case, the desired result is the rapid conversion of carbon dioxide to 
carbon monoxide. The necessary quality is combustibility.” 


It is evident that they refer to reactivity toward CO, as 
a measure of combustibility. 

On October 5, 1926, a round-table conference on coke 
was held in Pittsburgh under the auspices of the American 
Institute of Mining and Metallurgical Engineers. From the 


’ Howland, H. P., “Use of Carbon in Modern American Blast Furnaces,’ 
Trans. Amer. Inst. Min. and Met. Eng., Vol. 56, 1917, p. 364. 

* Korevaar, A., “Combustion in the Gas Producer and the Blast Furnace, ” 
Crosby, Lockwood and Son, London, 1924, p. 33. 

5Sperr, F. W., and Jacobsen, D. L.y “Coke Quality and Blast Furnace 
Operations,’’ Blast Furnace and Steel Plant, August, 1923, p. 426. 

6Sperr, F. W., and Jacobsen, D. L., ‘Coke Quality and Blast Furnace 
Operations,” Blast Furnace and Steel Plant, July, 1923, p. 380. 
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discussion which took place it is evident that the term ‘‘com- 
bustibility”’ has been given a broad meaning and has been 
used to cover all the good, as well as the undesirable, quali- 
ties of blast-furnace coke. As a result of the diverse opinions 
expressed, no decision was reached as to what is meant by 
the combustibility of coke. 

Sweetser’ has proposed the following definition: 


“The combustibility of a blast furnace coke is the rate of com- 
plete gasification of that particular coke in front of the tuyeres of a 
blast furnace, under standard conditions of blast temperature and 
of blast volume.”’ 


Read ® has modified Sweetser’s definition as follows: 


“The relative flammability of blast furnace coke is indicated by 
the relative rate of complete gasification of that particular coke in 
front of the tuyeres of a blast furnace, and can be measured by 
comparing it with the rate of gasification of a standard coke, both 
under standard conditions of blast temperature and of blast 
volume.” 


Foxwell and Wheeler? state that: 


“The combustibility of a coke may be defined as that property 
which determines its rate of reaction with pure oxygen or with air 
at a given temperature.” 


The most recent statement which has come to the writer’s 
attention was made by Lose,’ who defines combustibility as 
follows: 


“The rate at which coke is burned to CO, by the oxygen of the 
blast and this CO, later converted to CO by the incandescent coke 
farther from the tuyeres has been generally considered a variable, 
dependent mainly upon the character of the coke and this rate has 
been termed the combustibility of the coke.”’ 


*Sweetser, R. H., “What Is Combustibility of Coke,” Iron / 
inne are ; i y of Coke,” Iron Age, February, 


Read, T. T., ““What Coke Combustibility Means, ”’ Iron Age, July, 1926, 
Dahiee 


®Foxwell, G. E., and Wheeler, R. V., “The Testi f Coke,’’ IT- i 
Science and Practice, 1925, Vol. 4, pp. 410-413. penis: edgier 


10 Lose, J. E., “Operation of Large Hearth Furnaces Using C 
g Coke Made 
from 100 per cent. High-Volatile Coal,” paper presented before May, 1927, 
meeting of American Iron and Steel Institute, see page 92 above. 
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METHODS OF MEASURING CoMBUSTIBILITY 


Inasmuch as the various methods proposed to determine 
the relative combustibility of various cokes give an insight 
into the conception which various investigators have had of 
this property of coke, a brief discussion of these methods will 
be given. Most of those devised to measure combustibility 
consist essentially in determining the loss of weight in a 
fuel bed after a supposedly equal quantity of air has been 
forced through the test bed. The comparative loss in weight 
indicates the relative combustibility of a particular coke. 
A modification of this method consists of burning samples of 
coke in a steel cylinder under natural draft and noting the 
loss in weight. The use of natural draft, rather than a 
measured amount of air, introduces another variable and 
makes the method, at best, a qualitative one. 

The method used by Koppers" is similar to the first one 
given except that the flame at the top of the cylinder, in place 
of loss of weight, is taken as a measure of combustibility. 

Le Chatelier has proposed to measure combustibility as 
follows: 


“Tn a porcelain tube of 4 to 5 cm. diameter, a mass of carbon in 
small pieces of definite size is placed between two lumps of asbestos, 
quite filling up the section of the tube; in the middle of this mass a, 
thermometer is placed, and the whole is heated in a furnace to 
150° C. When this temperature is reached, the air current is 
admitted with a definite velocity. . . . In the case of very slow- 
burning carbon, the temperature will fall fast during the passing of 
the cold air, and it will remain stationary at a temperature which 
will be lower the less combustible the carbon; if the carbon is of 
average combustibility the temperature will rise more or less above 
150°, and become fixed at a new constant temperature. Finally, if 
the carbon is very combustible, the temperature will rise rapidly 
till the carbon is burning fast. It must be understood that, for 
obtaining comparable results, it is necessary to use the same size 
carbon and the same velocity of the air current always.” 


Fischer has proposed a method based on the power of 
coke to reduce CO; to CO, and uses the lowest temperature at 
which the reduction of CO, to CO begins as a measure of 

U Koppers, Stahl und Eisen, Vol. 41, 1921, pp. 1254-1262. 


® Le Chatelier, H., ‘Le Chauffage Industriel,” 1920, p. 53. 
13 Fischer, Franz, “ Brennstoff-Chemie,”’ 1923, p. 33. 
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this power. Lose has used a method similar to the one first 
described, to show the effect of size upon combustibility. 
Inasmuch as his results giving the analyses of the exit gases 
illustrate a fundamental principle which applies to many of 
the types of methods described, they have been repeated in 
Table 1. 


TasLe 1.—Terst or Sprep or ComBUSTION OF CoKE RELATIVE TO THE 
Errect oF Coxe S1ze.* 


Gas analysis. 


Kind of coke. Meee ; teen Residue. 
co CO: O2 
Pounds Pounds | Pounds Per cent. 

Clairton, natural size...... 100 47.0 §3.0 | 12.4] 9.6 | 0.8 

Clairton, natural size...... 100 43.5 56.5 18.8 | 7.2 | 0.8 
Clairton, crushed to 

through 114-inch screen. . 100 57.0 43.0 | 20.8/ 40 | 0.0 
Clairton, crushed to 

through 14-inch screen. . 100 59.5 40.5 | 23.8] 2.4 | 0.1 
Clairton, crushed to 

through 1-inch screen... . 100 65.5 34.5 | 22.0) 1.6 | 0.2 

Clairton Domestic cokef... . 100 63.5 36.5 22.8 5.6 0.0 

Clairton Domestic coke... . 100 63.0 37.0 12746 2.0 0.0 


*Lose, J. E., “Operation of Large Hearth Furnaces Using Coke Made from 100 per Cent. 
High-Volatile Coal,’”’ paper presented before May, 1927, meeting of American Iron and Steel 
Institute (see Table C, p. 93) 


SOA sas Sore averages about 114 inchesinsize. All samples were thoroughly screened 

The gas analyses reported by Lose show some discrep- 
ancies. According to the first analysis recorded in Table 
1, 100 cu. ft. of the exit gas contained the equivalent of 16.6 
cu. ft. of O2 in combination as CO, CO, and existing as free 


2 
of N» in this same volume of top gas. (Per cent. N» obtained 
by difference equals 77.2.) The air used to generate 100 cu. 
ft. of such gas contained 20.5 cu. ft. of O2 since the ratio of O» 


to Ne in air is about 0.266 (S 0.266 ) 77.2 X 0.266 = 20.5. 


12.4 
Oz (= + 9.6 + 08). There were approximately 77.2 cu. ft. 


70.2) 

In other words the amount of O2 accounted for by the gas 
analyses is less than that which was introduced in the air 
according to the N» as obtained by difference. The following 


M4 See reference 10. 
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tabulation gives the results for other tests obtained in a 
similar manner. 


Kind of coke. Os Seas with aS s Difference. 
Clairton, natural size....... 20.5 16.6 3.9 
Clairton, natural size....... 19.5 17.4 Ql 
Clairton, thru 114” screen... 20.0 14.4 5.6 
Clairton, thru 114” screen... 19.6 14.4 5.2 
Clairton, thru i” screen... . 20.3 12.8 7.5 
Clairton Domestic coke... . 19.0 17.0 2.0 
Clairton Domestic coke... . . 18.7 15.8 2.9 


The air used in the tests by Lose was held constant. 
However, the amount of coke consumed increased in general 
as the size of the same coke was decreased. Although there 
are Some apparent inconsistencies between the reported gas 
analyses and the coke consumed, the percentage of CO in the 
exit gases increased in general as the size of the same coke 
was decreased. It is difficult to see how less coke was burned 
in the check test on Clairton coke, natural size, when the CO 
in the gas was 18.8 per cent. as compared to 12.4 per cent. in 
the first test. The relation between size and CO, in the exit 
gases is due to the fact that the coke bed made up of the 
smaller pieces offered a better opportunity for contact be- 
tween the O, of the air, and CO; in the gas stream, and the 
solid pieces of coke. As the CO in the exit gas from a fuel 
bed approaches 34.34 per cent., the maximum amount 
obtainable when pure carbon is burned with dry air, more 
carbon will be burned per unit of air supplied for the obvious 
reason that twice as much C is united with a unit of O, in 
CO, as compared to a unit of O2 in CO.. 

The various tests which have been proposed for measuring 
the combustibility of coke do no doubt provide a means of 
determining at least qualitatively the variations in com- 
bustibility under laboratory conditions. However, the 
results of tests made in fuel beds which do not provide oppor- 
tunity for complete conversion of the Oz of the air and CO, 
to CO are apt to be misleading when applied to the blast 
furnace. For example, Lose concludes from the tests made 
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in a hand-fired furnace, 46 inches high, that small sizes of 
Clairton coke will burn at a faster rate in the blast furnace 
than will larger pieces of the same coke. 


BurEAU OF MINES INVESTIGATIONS ON COKE IN THE 
Buast FuRNACE 


The overall rate of carbon gasified at the tuyeres of a 
blast furnace is determined by the rate at which air is supplied 
and is independent of coke size, except as the size of the fuel 
may affect the rate of oxygen delivered to the furnace. 
Perrott and Kinney have confirmed the less comprehensive 
experiments of earlier investigators, which indicated that 
combustion of coke at the tuyeres of a blast furnace is com- 
pleted within 30 to 40 inches beyond the nose of the tuyeres. 
In other words, all of the oxygen of the air and the CO, gas 
produced near the tuyeres have been converted into CO, and 
no further combustion can take place by the blast. Fig. 1 
shows the average gas analyses from the tuyere zones of 13 
furnaces. 

Lose referred to the tests made by the Bureau of Mines as 
follows: 


“The conclusion of the investigators as a result of these tests 
was that complete combustion of the coke to ‘CO is accomplished 
at a fixed distance from the nose of the tuyere (about 40 inches) in 
all cases, regardless of coke size, coke quality, blast temperature or 
velocity of wind through the tuyere.” 


The conclusions of the Bureau of Mines investigators are 
based upon the analyses of samples of gas withdrawn from 
the tuyere zone of 13 furnaces, using coke made in Semet- 
Solvay by-product ovens, Koppers’ by-product ovens, bee- 
hive ovens and Roberts’ ovens; the coking time varied from 
16 to 72 hours, porosity from 44 to 53, and true specific 
gravity from 1.84 to 2.13; shatter tests, from 42 to 70. 
Notwithstanding the variations in the coke used in these 
furnaces, combustion was practically completed within 32 to 

% Perrott, G. St. J., and Kinney, S. P., “Combustion of Coke in the Blast 


Furnace Hearth,” Trans. Amer. Inst. Min. d Met. 7 a 
pp. 543-584.” and Met. Eng., Vol. 69, 1923, 
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Fria. 1.—Average Analyses of Samples from Tuyere Planes of 13 Furnaces. 
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' Fig, 2.—Analyses of Tuyere Gas from Six-Ton Experimental Furnace. 
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40 inches from the nose of the tuyere. Combustion is not 
completed at a fixed distance regardless of coke size, coke 
quality, blast temperature, or velocity of wind through the 
tuyeres, but variations in the size or extent of the combustion 
zones in the 13 furnaces investigated were a matter of inches 
and too small to be related to any properties of the coke or 
other operating details. From Lose’s statement regarding 
the work of the Bureau of Mines and also from the fact that 
he applies the results of his tests in hand-fired furnaces, in 
which combustion to CO was not complete, to the blast 
furnace, it seems evident that he still holds to the belief 
formerly held by many operators that combustion in the 
tuyere zone of the blast furnace is not confined to a rather 
restricted volume but extends to some indeterminate height 
in the furnace. The results reported by Lose, which show 
that combustion was not complete in a hand-fired furnace, 
46 inches high, cannot be accepted as proof that combustion 
is not completed within about 40 inches of the tuyere nose 
in a blast furnace. The lack of preheated air in the tests 
with the hand-fired furnace, the lower temperature in the 
fuel bed, and the absence of the slagging-action present at 
the tuyeres of a blast furnace make the conditions of his 
experiment widely different from those at the tuyeres of a 
blast furnace. 

Fig. 2 shows the results of gas analyses from the tuyere 
zone of a 6-ton experimental furnace which the Bureau of 
Mines has operated. The coke used in this test was sized 
to pass through 14-inch screen and on 11/16 inch. It 
approximated the smaller sizes of Clairton coke used by 
Lose. The composition of the gases in the two cases differs 
widely. In the hand-fired furnace the gas, issuing from a 
fuel bed 46 inches high, contained a maximum of 27.6 per 
cent. CO and 2.0 per cent. CO.. Under blast-furnace con- 
ditions the oxygen disappeared in about 13 inches and the 
CO: in 17 to 18 inches. In other words, combustion was 
complete in 18 inches under actual furnace conditions, 


whereas in the hand-fired furnace it had not been completed 
in 46 inches. ; 
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HEIGHT or ComBustIion ZONE ABOVE TUYERES 


Perhaps some doubt exists as to the extent of the com- 
bustion zone in a vertical plane above the tuyeres. While 
the number of samples of gas removed from positions above 
the tuyere plane are small in comparison to the number 
removed in a horizontal position through the tuyeres, there 
is no reason to believe that the combustion zone extends a 
greater distance in a vertical direction than in a horizontal 
direction. In 1924, Kinney! removed samples of gas across 
a plane 27 inches above the tuyeres of a 300-ton furnace 
and found that the maximum percentage of CO, across this 
plane was about equal to the percentage of CO, found in a 
horizontal direction from the tuyere nose. Data obtained 
by Van Vloten and summarized by Perrott and Kinney?” 
also show about the same penetration of CO, in a vertical 
direction as exists in a horizontal direction (see Fig. 3). 


BAsIs OF THE VARIOUS CONCEPTIONS OF COMBUSTIBILITY 


After considering the various definitions which have been 
given for the combustibility of coke and the various methods 
proposed to measure differences in combustibility, the lack 
of a common understanding of what really constitutes 
differences in combustibility is very evident. Several ideas 
seem to be the basis for the various conceptions of this 
property of fuel. Most of the definitions express the idea 
that a highly combustible coke is one that will burn rapidly 
at the tuyeres of a blast furnace. Brassert and Howland 
refer to the concentration of heat resulting from a fast-burn- 
ing coke, which embodies the idea of changes in size of the 
combustion zone with changes in combustibility. Korevaar 
also refers to the size of the combustion zone. Sweetser, 
Read, and Lose refer to rates of combustion, and do not 
embody in their definition the changes in volume of the 

16 Joseph, T. L., Royster, P. H., and Kinney, S. P., “Effect of the Physical 
Properties of Ore and Coke on the Capacity of the Blast Furnace,” Proc. Eng. 
Soc. Western Pennsylvania, Vol. 41, Jan., 1926, p. 430. 

17 Perrott, G. St. J., and Kinney, S. P., “Combustion of Coke in the Blast 


Furnace Hearth,” Trans. Amer. Inst. Min. and Met. Eng., Vol. 69, 1923, 
pp. 543-584. 
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combustion zone. Koppers and Fischer emphasize reactivity 
of coke with CO,. This property of coke is usually con- 
sidered in connection with the behavior of coke in the upper 
portion of the blast furnace, where the temperatures are 
much lower than the temperatures in the tuyere zone. A 
coke with high reactivity toward CO, would be oxidized to a 
greater extent above the tuyeres and would require less air 


— i ea 
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Center line of tuyéres 


Fig. 3.—Approximate Size and Shape of Combustion Zones. 


per pound of coke. The general conception seems to restrict 
combustibility to the conditions existing at the tuyeres. 
Generally speaking, the two ideas which seem to be 
embodied in the various conceptions of combustibility are, 
first, the idea of rate and, second, the idea of a change in 
volume of the combustion zone. As previously pointed out, 
the rate of burning of coke at the tuyeres of a blast furnace 
is directly proportional to the air supply, because the gases 
leaving the combustion zone are largely CO and Ny, and a 


as 
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fixed relation exists between the amount of O, combined 
with a given weight of carbon. If the rate of air supply is 
doubled, the rate of burning is doubled. Any definition 
which refers to a rate, alone, is incomplete because the com- 
bustibility of the same coke can be doubled by doubling the 
air supply. If constant conditions of blast temperature and 
volume are assumed, such as proposed by Sweetser and Read, 
then the rate of carbon gasification will also remain constant. 
In order to relate combustibility of coke with some physical 
or chemical properties of the coke, rather than define it as a 
mere rate of combustion dependent upon the air supply, it 
is necessary to inject a space rate concept into a definition 
of combustibility. Perrott and Kinney have done this in 
their definition of combustibility which follows: “Com- 
bustibility of coke from the standpoint of its use in the blast 
furnace is inversely proportional to the mean rate of gasifica- 
tion per unit volume of the combustion zone, assuming that 
other factors remain constant.”’ 

As Brassert pointed out, each molecule of oxygen will find 
an atom of carbon within a shorter distance if the coke is 
more combustible, as a result the combustion zone will be 
smaller for coke having greater combustibility. With a 
fixed rate of air supply the overall rate of combustion 
expressed in pounds of fixed carbon per unit of time also 
becomes fixed. However, if the size of the combustion zone 
changes, the space rate of combustion will also change 
accordingly. If the volume of the combustion zone is 
halved, by reason of a change in combustibility, the space 
rate of combustion will be doubled. 


PENETRATION AND COMBUSTIBILITY OF COKE 


If combustibility of coke is conceived to refer to those 
properties which determine the space required for its com- 
bustion at the tuyeres of a blast furnace, it is believed that 
this term will be more useful in interpreting furnace practice. 
Furnace operators have observed in practice that changes 
can be made in the general operation of a blast furnace by 
using tuyeres of different cross-section and length. Changes 
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in the velocity of the blast through the tuyeres and the length 
of the tuyeres alter the working of the furnace with respect 
to the bosh and hearth walls, and also affect the mechanical 
agitation of the coke by the blast. The latter effect will be 
discussed later. Changes in the size of the coke lumps reach- 
ing the hearth have much the same effect as changes in the 
size of tuyeres. If the coke reaches the hearth in small pieces, 
the zones of combustion in front of the tuyeres will be 
smaller; the position of maximum CO, will be nearer the 
walls and the general results will be much the same as those 
produced by lack of penetration. As the combustion zone 
is drawn in toward the furnace walls, more gas is deflected 
along the bosh walls. 

The writer has pointed out that the position in which 
the coke is burned at the tuyeres has an effect on the move- 
ment of stock in the blast furnace. A highly combustible 
coke or one which will be burned in a smaller space, nearer 
the tuyeres, will cause greater movement along the walls 
than a less combustible coke which will be consumed at 
greater distances from the wall. The height to which the 
effect of localized combustion is transmitted in the shaft is 
governed by furnace lines. 

It has been suggested that the mechanical agitation of the 
coke by the blast may extend beyond the zone in which the 
coke is consumed and there cause a shrinking of the coke 
column by reason of the fact that pieces from beyond the 
zone of combustion are shifted into the region of burning. 
The gas samples taken by Perrott and Kinney and their 
observations while exploring the hearth with water-cooled 
gas-sampling tubes throw light on this point. Samples 
removed along a horizontal plane extending from the tuyere 
nose to the center of the furnace disclosed a progressive 
increase in CO and a similar decrease in No. If the mechan- 
ical stirring of the blast extended beyond the combustion 
zone, one would expect to find only a small difference in the 


: ‘Ss Royster, P. H., and Joseph, T. L., “Effect of Coke Combustibility on 
Stock Descent in Blast Furnaces,” Trans. Amer. Inst. Min. and Met. Eng., 
Vol. 70, 1924, pp. 224-232. 
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gas composition in the combustion zone and the region sur- 
rounding it. The rapid increase in CO indicates a restricted 
gas flow in the center of the furnace at the tuyere levels. By 
the time the gas reaches the top of the bosh there has been 
an equalization in flow. The relative resistance of the stock 
column controls the gas flow in the upper part of the furnace. 

In regard to penetrating the stock column with a water- 
cooled sampling tube, having a blunt end and an outside 
diameter of 2 inches, Perrott and Kinney ” made the follow- 
ing statement: 

_ “In the average southern furnace and in Pennsylvania 1, the 
pipe could be pushed in easily for 24 inches from the tuyeres. At 
Pennsylvania 2, it was possible to push in the pipe to 32 to 36 
inches, and at Pennsylvania 3 and 4 and Illinois about 32 inches 
At the point at which the pipe must be driven in by the blows of a 


dolly, it is evidently in contact with a fairly solid bed-of coke, which 
is not being consumed rapidly.” 


Size or ComBustion ZONE AND SIzE OF CoKE 


In the experiments performed by the Bureau of Mines, 
the size of the coke lumps has been found to exert a greater 
effect upon the size of the combustion zone than the inherent 
properties of the individual pieces. Sizing of coke affords a 
means of changing the size of the combustion zone. The 
ability of the coke lumps to retain their size and shape until 
the combustion zone is reached depends upon the inherent 
properties of the individual lumps. The strength of the coke 
therefore has a bearing upon the extent of the combustion 
zone. Lose has suggested that: 

“Where blast pressures are low, the movement of the furnace is 
smooth, and fluid acid slags can be carried; crushing the coke to a 
size consistent with the maintenance of smooth regular operation 


possibly would result in a betterment of coke practice with a con- 
sequent increase in production.” 


Crushing the same blast-furnace coke will not increase 
its rate of burning at the tuyeres because this rate is fixed 
by the weight of oxygen delivered to the furnace and the 
fixed carbon in the coke. It will, however, increase the space 


19 See reference 17. 
28 
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rate of combustion inasmuch as the same quantity of coke 
will be burned in a smaller volume. However, it appears 
that the combustion of run-of-the-oven coke, at the tuyeres 
of a blast furnace, is concentrated into a space so small as to 
exceed the fondest hope of those advocating concentration 
of hearth heat. With present methods of charging, American 
blast furnaces have a relative dense periphery and an open 
center, which deflect greater amounts of gas to the center. 
Localized combustion causes faster movement of stock at the 
periphery of the furnace. Small coke would accentuate this 
effect and tend to reduce contact between gas and solid in 
the shaft, a matter of vital importance. Other things being 
the same, large pieces are preferred to small ones. 

Uniformity of coke size would produce greater uniformity 
of condition in the combustion zone. Although little is 
known of the mechanical action in the tuyeres in relation to 
coke properties, the size of the zones into which the coke is 
moving and the stirring of the coke by the blast no doubt 
affect furnace practice. Uniformity of coke size would tend 
toward uniform conditions in the combustion zone. 

Experimental data are not complete enough to determine 
the exact shape of the combustion zone, but assuming that 
it is spherical, the volume of the zone around each tuyere is 
about 20 cubic feet (see Fig. 3). If 4,000 cubic feet of air are 
entering each tuyere per minute and the fixed carbon in the 
coke is 86 per cent., and its density 1.0, about 2 cubic feet 
of coke will be burned per minute. In other words, the coke 
in the combustion zone would be replaced every 10 minutes. 
Under the foregoing conditions the diameter of a 5-inch piece 
of coke would recede at a rate of approximately 14 inch per 
minute. This illustrates the fact that there is intense com- 
bustion at the tuyeres of a blast furnace. Although modern 
furnaces have a large amount of reserve heat, interference 
from any cause, such as cold material from the walls above 
the tuyeres or sculling of material on the walls below the 
tuyeres, upsets the intense combustion in front of the tuyeres 
and starts a downward trend in temperature. 

Although the blast may be heated to temperatures rang- 
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ing from 1,100 to 1,400° F., the blast has a chilling effect upon 
the lumps of coke directly in front of the tuyeres. Ash 
forms as the surface recedes and, although some of the ash 
may be blown away or fuse and part of it drop off the coke 
lumps, the most advantageous condition occurs when the 
coke directly in front of the tuyeres remains there for a 
short time only, being shifted at short intervals into a zone of 
higher temperature and more active slagging action. Under 
these conditions a clean surface is presented for combustion. 
It appears that the stirring of the coke by the blast is im- 
portant in blast-furnace practice; the action is a mechanical 
one and there seems to be little information which will relate 
it to coke properties. 


CARBON GASIFIED ABOVE THE TUYERES 


In the preceding discussion, rates of combustion have 
referred to rates of combustion at the tuyeres. However, a 
portion of the coke is gasified outside the combustion zones at 
the tuyeres by contact with CO, derived from the reduction 
of the ore or calcination of the stone. The extent to which 
CO, attacks the coke has generally been considered to be a 
function of coke reactivity. Table 2, compiled from various 
sources, shows the variation in carbon reaching the tuyeres 
of 55 American furnaces, 10 British furnaces, and several 
German furnaces. 

The carbon consumed per ton of pig iron varies from 1,403 
to 2,700 pounds in the American furnaces and from 1,319 to 
2,676 pounds in the 10 British furnaces. An average of 384 
pounds of carbon per ton of metal was gasified outside the 
combustion zones at the tuyeres in the American furnaces. 
In general, solution loss or premature combustion has been 
referred to as taking place above the tuyere level. The work 
of Perrott and Kinney has shown, however, that there is 
considerable gasification of carbon by oxygen of the charge 
in the center of the furnace at the level of the tuyeres. 
Evans” found in investigating a large number of British 


20 Hvans, Edgar C., ‘Coke for Blast Furnace Practice,’ Iron and Coal 
Trades Review, Vol. 112, March 19, 1926, p. 486. 
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furnaces that an average of 300 pounds of carbon was gasified 
above the tuyeres. There does not appear to be any marked 
relation between fuel consumption and the carbon gasified 


TaBLE 2.—AMOoUNT oF CARBON GASIFIED AT THE TUYERES OF 71 
Buast FURNACES. 
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H. 18 |2,615/2,254 |1,868) 386 | 82.8 H. 14 |1,742/1,474/1,133} 341 76.9 
2 |2,551/2,153 |1,751| 402 | 81.4 15 |1,716/1,494|1,194| 300 | 80.0 
3 |2,472/2,128 |1,728) 400 | 81.2 16 |1,715|1,451|1,114| 337 | 76.7 
4 |2,247/1,957 |1,605) 352 | 82.0 17 |1,702/1,490/1,130) 361 | 75.9 
5 |2,198/1,908 |1,494) 414 | 78.7 18 |1,699/1,479|1,155) 324 | 78.2 
6 |2,123)1,875 |1,498| 377 | 79.8 +9 |1,673]1,482/1,182} 300 | 79.9 
7 |2,115}1,782 |1,427| 355 | 80.1 20 |1,658|1,464/1,182) 282 | 80.8 
8 |1,996]1,722 |1,303] 419 | 75.6 21 |1,636)1,463/1,124| 339 | 76.8 
9 |1,936]1,659 |1,305) 354 | 78.8 22 |1,635)1,447|1,124) 323 | 77.7 
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11 |1,901|}1,625 |1,274| 351 | 78.4 24 |1,623/1,454/1,090|) 364 | 75.0 
12 |1,863/1,614 |1,230| 384 | 76.2 25 |1,589/1,403/1,100) 303 | 75.8 
13 |1,780)1,511 |1,124| 387 | 74.4 26 |1,584|1,413/1,057| 356 | 74.8 
P&K. Ala. 1 |3,160]2,737 |2,381| 356 | 87.0 |P&K. Pa. 1 |2,800)2,372/1,779} 593 75.0 
,800/2,307 |1,661| 646 | 72.0 1,700|1,459}1,080) 379 | 74.0 
3 |1,900/1,658 |1,293) 365 | 78.0 3 |2,465/2,039|1,672| 367 | 82.0 
4 |2,645|2,306 |1,776| 530 | 77.0 Ill. 1 |1,770/1,457|1,064| 393 | 73.0 

5 |2,765/2,400 |1,848] 552 | 77.0 

J. 1¢ |1,586]1,480 |1,120| 360 | 75.7 J. 11 |2,085/1,780)1,435) 345 | 80.6 
2 |1,907|1,645 |1,249) 396 | 75.9 12 |1,720/1,518/1,154| 364 | 76.0 
3 |1,892/1,631 |1,306] 325 | 80.1 13 |1,950|1,720|1,304) 416 | 75.8 
4 |1,935]1,680 {1,302} 378 | 77.5 14 |1,845/1,628/1,257| 371 77.2 
5 |1,958]1,663 |1,187| 476 | 71.4 15 }2,120)1,855}1,514| 341 | 81.6 
6 |2,070}1,765 |1,493) 272 | 84.6 16 |2,450/2,090)1,728] 362 | 82.7 
7 |2,040)1,743 |1,241) 502 | 71.2 - 17 |2,158/1,832)/1,418| 414 | 77.4 
8 |2,315]1,955 |1,537| 418 | 78.6 18 |2,213}1,879|1,432] 447 | 76.2 
9 |1,704|1,502 |1,125|) 377 | 74.9 19 |2,232/1,965|1,493) 472 | 76.0 
10 |1,932)1,720 |1,472] 248 | 85.6 20 |2,354|2,145/1,742| 403 | 81.2 
FE. 14 |2,037|1,819 |1,523} 296 | 83.7 E. 6 |2,478|2,007/1,760| 247 87.7 
2 |2,608/2,152 {1,841} 311 85.5 7 |2,685/2,258/1,830| 428 | 81.0 
3 |2,570|2,261 |1,815) 446 | 80.3 8 |2,444/2,072/1,647| 425 | 79.5 
4 |2,856/2,146 |1,815| 331 84.6 9 |2,688/2,286/1,880|} 400 | 82.2 
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G, 2f |2,564/1,960¢/1,541] 419 | 78.6 L. 1£/2,464|2,277|1,727| 550 | 75.8 
3 |2,078/1,675 |1,317| 358 | 78.6 *2 |1,658/1,456/1,111] 345 | 76.3 
4 |2,828/2,148 |1,698] 450 | 79.1 R. *1/1,528/1,244] 966) 278.| 77.7 


“Furnaces listed by Howland. (See footnote 3.) 

»Furnaces listed by Perrott and Kinney. (See footnote 15, p. 558.) 

*Furnaces listed by Joseph. (Unpublished report.) 

‘Furnaces listed by Evans. (See footnote 20.) 

*White basiciron. __ 

‘Furnaces listed by Gilhausen, Ledebur, and Richards. (See footnote 6, p. 381.) 
eAverage value. (See footnote 6. 

*Charcoal furnaces. 


above the tuyeres in the furnaces listed in Table 2. The 
general tendency is for less carbon to reach the tuyeres in the 
furnaces with lowest fuel consumption. This is borne out by 
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a comparison of the British and American furnaces and is 
due primarily to the higher concentrations of CO. encoun- 
tered in the low coke furnaces. In general, other things being 
equal, fast driving will, because of the shorter time that the 
stock is in the furnace, result in the greater gasification of 
carbon above the tuyeres. Iron ores, which are difficult to 
reduce, or large pieces of ore of normal reducibility, will also 
increase the gasification of carbon above the tuyeres. Lime- 
stone which calcines slowly is another factor which increases 
gasification above the tuyeres. Considering the wide range 
of operating conditions covered in this series of furnaces, the 
variation in the carbon gasified at the tuyeres is surprisingly 
small. In this connection Evans has made the following 
statement: 7! 

“Tf the mathematical methods that are available are sound, 
reactivity of coke seems to play very little part in determining the 
total amount of solution or direct reduction in the furnace, and 


the approximate constancy of this figure seems to point to the 
reaction being one that is kept balanced by thermal conditions.” 


Fieldner and Davis ~ have investigated the reactivities of 
five gas-works cokes, a low-temperature coke and two bee- 
hive cokes, toward air, CO. and water vapor. With the 
exception of the low-temperature coke and one of the gas- 
house cokes, the others did not vary greatly in reactivity. 
In general these investigators found that the order of reac- 
tivity of these cokes in the three media was the same. 

Carbon dioxide, liberated in the furnace at positions where 
the temperature is several hundred degrees above that 
required for reaction between C and CO,, will be reduced 
to CO by coke having a small reactivity. In other words, 
the amount of solution loss depends not alone upon the coke 
quality, but also upon the extent to which the ore is reduced 
and the limestone calcined before reaching a position in the 
furnace where the temperature is such that the reaction rate 
between CO, and C is very rapid. Gases removed from the 
center of the hearth at the tuyere level show that carbon is 

21 See reference 20. 


* Fieldner, A. C., and Davis, J. D., “Reactivity, a Factor in Selecting 
Foundry Coke,” Fuels and Furnaces, Sept., 1927, pp. 1181-1188. 
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being gasified at this level by oxygen from the charge. 
Extreme types of coke show differences in reactivity with 
CO», under laboratory conditions (950 to 1,000° C.). Char- 
coal is generally considered to be very reactive. The small 
amount of air used per pound of charcoal is due to the fact 
that it normally contains less fixed carbon than coke and also 
to greater gasification of carbon above the tuyeres. In 
general, soft under-coked fuels, carbonized at low tempera- 
tures, are more reactive. However, soft cokes, while they 
may approach the reactivity of charcoal towards COz, are 
not as free from ash and sulphur and do not therefore permit 
extremely acid slags of low critical temperatures, all of which 
tend toward low fuel consumption. If charcoal were no more 
reactive to CO, than coke, it would no doubt be possible to 
obtain still lower fuel consumption in charcoal furnaces. 

Increased rates of driving often observed in practice are 
believed to be due in a large measure to some condition 
which changes the extent of preparation of materials in the 
shaft rather than to changes in the coke. If, for example, 
the distribution of the gas is upset, minimizing contact 
between gas and solid in some parts of the furnace, material 
which has not been properly prepared will reach a level in 
the furnace at which coke will be acted on by CO.. Stream 
lines of stock descent, resulting from localized combustion 
at the tuyeres, will produce faster settling of the stock in 
some parts of the furnace, thus shortening the period for 
reduction of the ore and calcination of the limestone at 
lower temperatures. 


Fast-BuRNING CoKE 


The overall rate of fuel consumption in a blast furnace 
expressed in pounds of carbon consumed in the furnace per 
unit of time depends upon (1) the rate of air supply by 
weight, which fixes the rate of combustion at the tuyeres, and 
(2) the amount of carbon gasified above the tuyeres. Other 
things being equal, more reactive cokes will be consumed 
more rapidly than will less reactive cokes. Although there 
may be some advantages from the smaller volume of gases 
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passing through the furnace when more reactive cokes are 
used, the writer believes that in general more efficient opera- 
tion will be obtained the more closely Gruners’ ideal is 
approached. The rate of blowing is the primary means of 
controlling the rate of combustion. Recent rapid strides 
toward increased production per furnace have been due to 
larger furnaces and in some cases to somewhat faster rates 
of blowing per cubic foot of working volume. If rates of 
blowing are expressed in terms of cubic feet of air per square 
foot of hearth area per minute rather than in terms of fur- 
nace volume, modern large-hearth furnaces appear to be 
slowly blown, because the hearth area has been increased: 
more than the working volume. A change from an 11-foot 
hearth to a 22-foot hearth represents a four-fold increase in 
hearth area, while the change in volume has been more 
nearly a two-fold increase. 

McKee* has pointed out that the stock-line area has not 
been increased nearly as much as the wind volume. AS a 
result of the high gas velocities in the top section of the fur- 
nace, the production of flue dust and irregular movement of 
the furnace, rather than the ability of the coke to burn, are 
the factors limiting the amount of coke which can be con- 
sumed in modern furnaces using fine Lake ores. There is 
considerable variation from plant to plant in rates of blow- 
ing. The cubic feet of wind per cubic foot of working volume 
may vary from 1.75 to 2.5, depending upon plant practice. 
In general, strong cokes of low density permit faster blowing 
by reason of producing a more open charge. 

If coke is charged by volume, variations in coke density 
will change the rate of driving, if judged entirely by the 
number of rounds charged and no check is made against 
coke weight. The writer™ has pointed out that: 


“Tf the fixed carbon remains constant, each increase in density 
of 0.1 will require 200 cubic feet of additional air to burn a cubic 
foot of coke.” 


8 McKee, Arthur G., “Some Observations Regarding Blast Furnace 
Design,” Proc. Engrs. Soc. Western Pa., Vol. 41, No. 10, January, 1926, p. 397. 

* Joseph, T. L., Royster, P. H., and Kinney, 8. P., “Effect of the Physical 
Properties of Ore and Coke on the Capacity of the Blast Furnace,’ Proc. 
Engrs. Soc. of Western Pa., Vol. 41, No. 10, 1926, p. 437. 
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Therefore, if more air is not supplied when denser coke 
reaches the tuyeres, the furnace will take less rounds per 
day. Because of variations in rates of blowing and in the 
apparent density of coke, the volume of coke consumed per 
minute may vary from furnace to furnace over a range of 
almost two to one. 


SIZE AND STRENGTH OF COKE AND RESISTANCE OF THE 
CHARGE TO FLOW oF Gas 


The use of Mesabi iron ore has necessitated several 
changes in practice. Vreeland?? has mentioned the increase 
in hearth diameter and bosh angle, and the method of placing 
the materials on the large bell. One item of particular 
interest he referred to was the necessity of using a large bell 
to keep the furnace moving. The effect of the large bell 
without the use of some device under it, such as the Killeen 
distributor, the MacDonald ring, or the Slick distributor, 
was to produce a decided difference in the porosity at the 
periphery and center of the furnace. It would appear in 
view of the standard practice of 2-foot bell clearance, which 
produces the condition just referred to, that an open center 
is necessary as a relief valve to allow the escape of sufficient 
gas to permit regular movement of the stock. A dense 
periphery is also desired to diminish lining renewals. 

The preceding paragraph illustrates the marked effect 
which the increased use of Mesabi ore has had upon the 
resistance of the charge to gas flow. Although the fine ore 
offers a much greater potential surface for contact with the 
gas stream, the problem of providing an opportunity for 
heat transfer and reduction through contact between gas and 
solid is one of outstanding importance. Aside from furnish- 
ing heat and CO, the coke has another very important 
function of decreasing the resistance of the charge to gas 
flow. In general, coke will fulfill this object more satis- 
factorily if the pieces are large and retain their size until 
reaching the tuyeres. A light porous coke, because of the 


* Vreeland, Geo. W., “Distribution of Raw Materials in the Blast Fur- 
nace,’’ Year Book, American Iron and Steel Institute, 1916, p. 124. 
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greater volume it occupies in the furnace, tends to decrease 
the overall resistance of the charge. 

In order to obtain fundamental information which will 
apply to the problem of forcing large volumes of gas counter- 
current to a column of descending solids composed of various 
sizes of particles, the Bureau of Mines at its North-Central 
Experiment Station has undertaken a series of laboratory 
experiments to determine the relative resistance which beds 
of irregular solids offer to the flow of gases. The effect of 
arranging the various components, such as ore, coke, and 
limestone, in separate layers will be investigated. 


SUMMARY AND CONCLUSIONS 


1. It is believed that failure to define the properties of 
coke clearly is partly responsible for retarding progress in 
correlating coke properties and furnace practice. Com- 
bustibility of coke has been widely discussed in the technical 
press and many views have been expressed as to what con- 
stitutes differences in combustibility and how such differ- 
ences may be measured. 

2. If combustibility, a property of the fuel, is dis- 
tinguished from rate of combustion, a factor controlled by 
rate of air supply, the term is of value in relating coke quality 
and furnace practice. Highly combustible coke will not 
burn faster before the tuyeres than less combustible coke, 
but it will burn in a smaller volume. The size of the com- 
bustion zone, controlled largely by the size of the coke, 
affects the working of the furnace with respect to the furnace 
walls. More combustible coke shifts the position of maxi- 
mum CO, nearer the walls and results in concentration of 
heat toward the periphery of the furnace at the tuyere 
level. The size of the combustion zone affects the descent 
of the stock in the furnace. The predominating tendency 
is for the material to feed directly into the zone where the 
coke is shrinking as a result of combustion. Mechanical 
agitation by the blast is important, but there are no data to 
relate it to the various properties of coke. Gas samples taken 
from the tuyere level and observations by Perrott and 
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Kinney when forcing a water-cooled sampling tube into the 
center of the furnace indicate that the mechanical stirring 
does not extend beyond the zone of active combustion. As 
the combustion zone becomes smaller it would appear more 
difficult for the coke to move into the zone of combustion. 

3. The conditions in the fuel bed of hand-fired laboratory 
furnaces, designed to determine differences in combustibility, 
are different from those existing at the tuyeres of a blast 
furnace; therefore the distance required to burn completely 
to CO in a hand-fired furnace cannot be taken as a measure 
of the distance required to accomplish this result in the 
blast furnace. The distance from the grate bars required 
to burn completely to CO or the approach to saturation of 
the gas with carbon, as shown by the gas composition at any 
point in the fuel bed, can be used to measure relative com- 
bustibilities, under properly controlled conditions. 

4. Under blast furnace conditions a ‘fixed amount of air 
will consume a definite quantity of carbon in front of the 
tuyeres. Variations in the carbon gasified by contact with 
CO, outside the tuyere zone will affect the number of charges 
per day, when the wind remains constant. Data represent- 
ing a wide range in operating conditions and various types 
of coke show that the average amount of carbon gasified 
above the tuyeres is surprisingly constant. Extreme cokes 
show a difference in reactivity with CO, at temperatures of 
950 to 1,000° C., but the difference for two cokes of about 
the same type is small. Conditions which control calcination 
of limestone and reduction of the ore before reaching tem- 
peratures at which CO, will react rapidly with coke of even 
small reactivity are believed to fluctuate more than coke 
made under modern oven practice. Progress toward larger 
production per furnace has been attained by increasing bosh 
and hearth diameters and in some cases by blowing more 
wind per unit volume of the furnace, but not per square foot 
of hearth area. Hearth areas have increased about 4 to 1 
since the days of 11-foot hearths, whereas the volume has 
more nearly doubled. 

5. The use of Mesabi ore presented a new problem in 
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blast furnace practice, namely, that of moving a large 
quantity of fine ore under the force of gravity, counter- 
current to a large volume of gas. Present practice seems to 
have settled upon a big bell clearance which produces a 
dense periphery and a porous center, the latter acting as a 
relief valve for sufficient gas to permit regular stock move- 
ment. ‘The dense periphery was also adopted to decrease 
lining renewals. 

6. One important function of coke is to decrease the 
resistance of the charge to gas flow. This function, which is 
more important with the use of fine ore, is more satisfactorily 
performed by large pieces of coke of low density which will 
retain their size until reaching the tuyeres. 

7. It appears that the physical properties of coke bear 
an important relation to the physical and mechanical prob- 
lems presented by the blast-furnace process. 


Tur CuHarrman (Mr. E. A. S. Clarke): There will be a 
discussion of Mr. Joseph’s paper by Mr. Maccoun, Superin- 
tendent of Blast Furnaces, Edgar Thomson Works, Carnegie 
Steel Company, Braddock, Pennsylvania. 


Discussion By A. E. Maccoun 

Superintendent of Blast Furnaces, Edgar Thomson Works, Carnegie 

Steel Company, Braddock, Pa. 

To the practical blast furnace operator in the past belongs 
most of the credit for the advancement in blast furnace 
practice secured by departing from the older standards. 
While we must not look on theory as the only cure-all, it is 
realized that scientific handling of blast furnace problems is 
capable of securing the greatest measure of progress and 
economy, as in many cases too high a price has been paid for 
advancement based on experience alone; but at the same 
time we must not dispense with experiments as a check on 
the preliminary theoretical investigations of science. 

We are greatly indebted to Mr. T. L. Joseph and his 
associates in the Bureau of Mines for their contributions to 
the blast furnace art. Their work, together with the pioneer- 
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ing done by many of our blast furnace operators, has added 
greatly to our knowledge of the theory of the blast furnace; 
and by the use of all the information thus developed, great 
improvement has been accomplished in blast furnace practice 
and also in the design of furnaces along scientific lines to 
allow a uniformly regular descent of the stock and at the same 
time permit the gases to ascend through the stock with 
regular and uniform velocity—all of which tend to increase 
production, lower coke consumption, better quality of prod- 
uct, and lower cost of producing iron. There has been a 
remarkable improvement in this respect in furnace operations 
in the last few years, and furnaces producing under 800 tons 
daily are not regarded with favor. 

It is this technical research work that Mr. Joseph reviews 
briefly in his very excellent paper; and it is particularly 
desirable to have this review recorded in the transactions of 
the American Iron and Steel Institute, as so much of the 
work, accomplished in the past, is already there; and it is 
especially important to have this record as complete as pos- 
sible in matters pertaining to theoretical, experimental, and 
constructional developments affecting blast furnace design 
and practice, so that the efficiency and economy of operation 
of our plants may be increased to the greatest attainable 
state of perfection. 

Many of the furnace operators have done all they could 
to help in this research work, and it is only by the fullest 
codperation and collaboration of data and experience between 
those engaged in purely theoretical and experimental work 
and the operators in active charge of blast furnace operations, 
that the conclusions reached by theory and experiment can 
be fully proven, and I am pleased to say the Bureau of Mines 
is working along these lines. The technical records of the 
past give a splendid record of the pioneering done at the 
different blast furnace plants of this country in developing 
the scientific factors pertaining to blast furnace design and 
equipment. 

I have nothing but praise for Mr. Joseph’s review of this 
subject, and I am in agreement with most of his deductions. 
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Due to its completeness, thoroughness, and clearness of 
presentation, it is most enlightening. This work is so interest- 
ing that we regret that we have not been able, on account of 
the time taken up with our individual operations, to devote 
as much time as we would have desired to the work on this 
very important subject. We wish to congratulate the Bureau 
of Mines for their contributions, as careful study of these 
investigations results in the blast furnace becoming much 
less a mystery than it was considered not very many years 
ago. However, a great amount of additional research work 
will be required, in the case of many of the subjects treated 
in his review, in order to bring out plainly how our furnace 
practice can be improved by taking advantage of the informa- 
tion that has been obtained. This is very important, and 
the work should be continued to the end that more research 
of this nature will be carried out, and the information 
obtained should be applied and made a part of the practice 
of blast furnaces operating on a practical, commercial scale. 
The results obtained in modern Mesaba ore practice, and 
those obtained with so-called hard ores, will necessarily vary, 
and other raw material conditions will also have their effects, 
which differences should be developed. In this discussion I 
wish to cover the points brought out along these lines, and 
will attempt to indicate where additional information is 
required to enable us to improve our blast furnace practice. 


CoMBUSTIBILITY OF COKE 


Of the different raw materials used in a blast furnace, all 
operators, I am sure, agree that the quality or suitability of 
the coke has the greatest influence on the operating results 
obtained; and that improvement in coke quality is attended 
by increased regularity of furnace operation, increased pro- 
duction, and faster driving. There are many phases, about 
which very little is known, of the process of preparing a coke, 
the use of which in a blast furnace will be attended with the 
results mentioned above. In fact, very little is known of what 
determines the coking properties of various coals, or of 
differences in organic matter, their volatile constituents (as 
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variations in the constituents of the volatile matter evi- 
dently affect the coking quality), or how coking conditions, 
temperatures, etc., should be best regulated to meet vari- 
ations and fluctuations in the volatile constituents of the 
various coals, to the end that the best possible coke, physi- 
cally and metallurgically, may be produced for blast furnace 
use, from the supply of coal available. 

Investigations have conclusively-demonstrated that vola- 
tile matter in coal directly influences its coking properties. 
No research has been completed which gives data as to the 
compounds in coal which are most important in controlling 
coking quality. Attempts have been made to segregate and 
classify these compounds en masse, but they have never been 
separated into anything but general groups. Even then there 
is not agreement upon the theories advanced. A definite 
knowledge of the volatile matter in coal must be acquired 
before anything more than rule of thumb methods in coking 
can be expected. 

In the Pittsburgh District, our experience has been mostly 
with coke produced from 100 per cent. high-volatile coals. 
The use of high-volatile river coals and river transportation 
mean much to the economical production of iron in this dis- 
trict. Fully realizing this fact, and that the use of such coke 
is attended by peculiar problems, the Carnegie Steel Com- 
pany, through its President and his assistants, has given the 
blast furnace and coke plant operators utmost codperation 
and assistance; and, working together in an organization 
known as the Carnegie Steel Company Blast Furnace and 
Coke Oven Coéperative Committee, with the codperation of 
the Corporation Blast Furnace and Coke Committees and 
the representatives of the Frick Coke Company, they have 
been able to carry their investigations and research activities 
from the actual mining of the coal, through its various stages 
of preparation and transportation to the coke ovens, the 
effect of various coking times, quenching conditions, tempera- 
tures, etc., on the quality of coke; and to the transportation 
of the coke to the furnace plants, the factors surrounding 


its further screening treatment there, various methods of 
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charging into the furnaces, and its later behavior. Assuming 
regular coking operations, the changes which occur in quality 
of coke are due to changes in the raw materials from which 
the coke is made. 

We have considered the question from all angles. One of 
the first conclusions reached was that, to obtain the most 
useful information, we must classify the coals, to as great an 
extent as possible, according to their coking qualities, rather 
than on the basis of ash and sulphur contents, which had 
been the basis of classification observed formerly; and in con- 
nection with this, that tests must be made by the use of these 
separate cokes in individual blast furnaces for each change 
made at the mines or ovens, to determine if we lose or gain in 
tonnage and if the quality of iron so made is satisfactory, and 
the matter followed to a proper conclusion, so that the 
laboratory results are checked by actual practice. 

Mr. Joseph’s review contains definitions of coke combusti- 
bility given by various operators, which is no doubt very 
important, as the time element of coke burning at the 
tuyeres is very essential for fast driving. We should know 
what quality in coke makes one coke more combustible than 
another. However, there are so many other conditions 
affecting the coking qualities and suitability of a proper 
blast furnace coke, that it will be on this phase of the subject 
that this discussion will principally treat. 

During the first several years’ operation of our Clairton 
by-product coke plant, the coals were coked at 1850° F. This 
was the standard practice until the general opinion was 
expressed by many that we should have more volatile matter 
in the coke (combustibility), and that meant lower coking 
temperatures; so from 1850° F. the coking temperatures were 
lowered, when we observed from the operations at the blast 
furnaces, that instead of improving the working conditions 
in the furnaces, the furnace results became worse. This led 
us to believe, that with our conditions, lowering the coking 
temperatures was not the right direction in which to go, but 
rather that we should go to higher temperatures. So the | 
temperatures were increased, and we found that the higher 
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the temperatures at which we coked our coal uniformly, the 
better the blast furnace results became. The higher temper- 
atures gave us harder coke, which allowed us to blow more 
wind economically on our furnaces, as the furnaces operated 
more regularly under those conditions. As an example of this 
change, Colonial coal, from which at one time we nearly 
despaired of making good coke, now produces one of our 
best cokes made from coal from the Klondike Region. Gen- 
erally speaking, it has been found that coke with high fusion 
point ash should be coked at high temperatures, and coke 
with low fusion point ash at lower temperatures. It is evi- 
dent that the nature of the ash influences the metallurgical 
value of the coke. With that as a beginning, the Clairton 
Laboratory has made a very extensive investigation of the 
physical and chemical properties of coal which determine its 
coking ability, the effects resulting from changes in practice 
on the quality of coke and coal mixtures. 

Some of our coals from certain places in some of the mines 
had very poor coking properties, showing up badly in furnace 
practice, and we found these tests gave us an idea as to 
whether mixing these coals of different characteristics would 
be attended with benefit to the resultant coke. We have 
also demonstrated that everything economically possible 
should be done to eliminate slate from coal to be used for 
coking purposes. Inherent ash, minutely distributed through 
the coal, becomes absorbed in the coke structure, and is not 
nearly as objectionable as ash in the form of slate, which is 
generally responsible for cross fracture and breaking up of 
the coke and the consequent production of fines and coke 
dust in the blast furnace. With one of our cokes, a reduction 
of 50 per cent. of the slate in the coal resulted in an ash reduc- 
tion of 2.5 per cent. in the coke. There is a difference of 25 
per cent. between the co-efficient of expansion of slate and 
coke, which causes the coke to crack during the quenching 
process, as well as later when it is reheated in the furnace. 
A reduction in the slate content has been followed in every 
case by marked improvement in furnace practice, and (as in 


~ 


the case of Colonial coke mentioned before, where improve- 
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ment in the quality of a very objectionable coke was effected 
by coking at higher temperatures) another coke, called 
Palmer, which had been one of our worst cross-fractured 
cokes, was so improved by more careful removal of slate at 
the mines, that it is now one of our best cokes. 

Proper quenching is also important, as it directly affects 
the quality of the coke, moisture content, ete. 

We have made coke which, although it did not contain an 
excess of ash in the form of slate, and showed up well as far 
as sieve and shatter tests were concerned, yet, due to other 
characteristics, when this coke became hot in the furnace, it 
was so brittle as to break up into very small pieces, with con- 
sequent production of small coke and dust in the furnace. 
We all know how important in furnace practice it is to remove 
coke dust from coke before charging it into the furnace ; but 
there is also a breakage of coke in its descent through the 
furnace, causing additional coke dust. This characteristic 
of a coke must be watched closely and avoided. In one of 
our tests we used a very dense, hard-looking coke. When it 
reached the tuyeres all the coke there was practically of 
domestic coke size. This alone might not have been so 
objectionable, but the coke dust produced by this resizing of 
the coke during its descent in the furnace made it impossible 
to use such coke successfully, and demonstrated that strong 
coke that will not break up in the furnace is necessary for 
fast driving. 

I have endeavored to show that we have made marked 
improvement in our coke made from 100 per cent. high- 
volatile coal, and in our furnace practice we are competing. 
successfully in tonnage and quality of product with other 
large furnaces using coke made from mixtures containing 
Pocohontas coal,—and yet we are still groping in the dark 
on many of these matters. Much additional research work 
is still required on this important subject; and in studying 
coke, there are many factors to consider other than combusti- 
bility. 

As an example, the Toledo Furnace Company and Chicago 
By-Product Coke Corporation developed an empirical for- 

29 
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mula for figuring “fuel value” of coke, which many of us have 
also adopted to advantage, changing the values in the for- 
mula to meet our different conditions. I do not mean that 
this formula is perfect by any means, but it has been a help 
and a guide. This value is based on four equations in terms 
of strength, hardness, weight and brittleness, which are 
assembled in a factor which represents the fuel value of the 
coke. The above characteristics of the coke are determined 
by use of a tumble barrel, the drum of which differs from 
the usual tumble barrel in that it is perforated with 114-inch 
holes, the coke being revolved in this tumble barrel the pre- 
scribed number of revolutions. The results we are obtaining 
for fuel value are checking very well with our furnace opera- 
tions,—production and general practice agreeing quite closely 
with fluctuations in the fuel value of the coke being used. It 
is work similar to this, taking all conditions of the coke into 
consideration, that will determine what the fuel value of a 
coke is in the blast furnace. 


EXPLORATION AROUND TUYERES OF A BiAst FURNACE 


The tests made by the Bureau of Mines in the zone around 
the tuyeres of a furnace are very instructive. It has been 
pointed out that the zone of combustion is localized at the 
nose of the tuyeres. As the carbon is being converted from 
the solid to the gaseous state in that zone, Royster and 
Joseph have shown that the travel of stock in the shaft is 
towards the tuyeres. Every tuyere, therefore, has before it 
a region in which oxygen, carbon dioxide, and steam, coexist, 
whereas towards the center of the hearth there will be only 
carbon monoxide and nitrogen. 

The Bureau of Mines has found the following: 

(1) That the flow of stock in the stack is uneven. 

(2) That the maximum stock flow is directly above the 
tuyeres. 

(3) That the greater part of the reduction of oxides in the 
stack of the furnace is taking place directly above the tuyeres, 
along the lines of maximum rate of stock flow. 


These results definitely indicate that the flow of stock and 
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reduction are not taking place uniformly, and that the 
channels of maximum reduction and flow are directly related 
to the location of the tuyeres. 

From tests conducted at the Edgar Thomson Furnaces 
with venturi meters in the blow pipes of one of our large 
furnaces, we have found that there was a more or less con- 
Stant variation in the relative flow of air through the various 
tuyeres, amounting to a difference of as much as 20 per cent. 
between two tuyeres over short periods ; that there was no one 
tuyere that took more than its share of the blast over a pro- 
longed period; and that there was no constant indication of 
any one tuyere taking more than its share of the blast during 
the flushing and casting periods. I will dwell on this test 
briefly in the latter part of this paper, and only mention it 
now to show how this data checks with the data obtained by 
the Bureau of Mines, as the resistance in front of the tuyeres 
evidently varies with the conditions described. I wish to 
point out that this interesting work should be, by all means, 
continued and also checked with the investigations made on 
the furnace filling and bosh angles; also with reference to 
different raw materials—hard ores, Old Range and Mesaba 
ores—size of limestone, and size and quality of coke. 

The conditions affecting the efficiency of the furnace due 
to the reoxidation of iron before the tuyeres are pointed out 
by Doctor Wuest of Diisseldorf. He cites, as examples, three 
furnaces, in which the hearth diameters are respectively 10, 
15 and 20 feet. Taking the zone of reoxidation as extending 
inwards from the tuyeres of every blast furnace approxi- 
mately three feet, the proportion of reoxidation area to the 
furnace cross section in the three cases will be respectively 
90, 68, and 55 per cent. Hence the wider the hearth in a 
furnace, the better the results should be; and furnaces with 
large diameter hearths should give greater yields and use 
proportionately less fuel. He even suggests that a furnace 
hearth be larger than the stack. This may not work out in 
practice on account of the influence of other conditions, but 
certainly it is most interesting and deserves further investi- 
gation. 
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It has been pointed out how changes in the velocity of the 
blast through the tuyeres, and length of tuyeres, alter the 
working of the furnace; that the size of tuyeres with respect 
to bosh and hearth walls also affect the agitation of the coke 
by the blast. All operators realize that furnace operations can 
often be benefited by tuyere changes,—also that our experi- 
mental data on this subject is not nearly complete enough. 

The statement has been made that ‘‘If the coke reaches 
the hearth in smaller pieces, the zone of combustion in front 
of the tuyeres will be smaller, the position of maximum CO, 
will be nearer the walls and general results will be the same as 
lack of penetration.” This has a marked bearing on success- 
ful furnace operation. We need much more experimental 
data on this, as it affects the uniformity of stock travel in the 
furnace. Also, many of us question just what is the best size 
of coke to use in a furnace, as there is much more objection- 
able breakage of coke going through the furnace, when large 
coke with its tendency for additional breakage is used, than 
when coke is broken down to smaller size and screened 
thoroughly before being charged into the furnace. 

The surface has only been scratched in these investiga- 
tions. Large producers and small producers should be 
covered under different conditions of sized materials, size of 
tuyeres, number of tuyeres, bosh angles, size of hearth; and 
the theoretical deductions should be checked against our 
practice with furnace tests. 


Errect or DisTrRIBUTION 


The Bureau of Mines, at its North Central Experimental 
Station, has undertaken a series of laboratory experiments 
to determine the relative resistance which beds of irregular 
solids offer to the flow of gases. The effect of arranging the 
various components, such as ore, coke and limestone in 
separate layers, they say, will be investigated. 

Every blast furnace operator has known for years that 
changing the method of charging his round into a furnace has 
resulted either in successful operation and uniform movement 
of his furnace, or in just the opposite. These changes can be 
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made by varying the size of round, by reversing the order of 
putting coke and ore on the big bell, placing either the coke 
or the ore on the bell first, varying the size of layer of each 
material, experimenting with the amount of material placed 
on the big bell before it is lowered, as in some cases the whole 
round is lowered into the furnace at once, and in others the 
round is split. It is important that further research along 
these lines be carried out. 
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Fig. 1—Diagram showing Average Contour of Stock of Edgar Thomson 
Furnace H and a Lorain Furnace. 


The accompanying illustration shows the distribution 
contour of the stock line of Edgar Thomson Furnace kde, 
and one of the Lorain Furnaces of approximately the same 
size. Also these furnaces do not differ much in size from the 
size of South Chicago Furnace No. 4, which we will mention 
later as the furnace on which the Bureau of Mines conducted 


some of its tests. 
A summary of results of laboratory sieve tests, conducted 
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on materials taken from the top or stock line of furnace ““H”’, 
follows: 

These were screen tests of materials distributed in a 17 
foot 4 inch stock line furnace from a 13 foot 4 inch bell. 
Samples for sieve tests were taken from areas of about 2 feet 
in diameter next to the wall at different points and are 
designated as ‘‘wall’’ samples. About 214 feet toward the 
center of the furnace another area was sampled and this is 
designated below as the ‘‘outer circle.”” At another 214 feet 
closer to the center of the furnace another area was sampled 
and known as ‘‘inner circle.” The last area sampled was at 
the center of the furnace. 


On 2” Oni: . On 4” On 44". | 20 Mesh. | Pan. 
Wallsample....... 2.2 3.2 2.9 | 10.0 | 28.7 | 529 
Outer circle....... 266 | 21.2 34 | 105 | 126 | 254 
Inner circle. ...... 39.6 20:3. | 3.9 ) 9.9 S 7, 17.6 
Centers. a se 70.5 | 12.8 | 4 | 64 6.5 3.4 


This shows plainly the relatively dense periphery and 
open center which deflects relatively greater quantities of 
gas to the center, which the Bureau of Mines thinks is 
necessary, stating that —‘‘An open center is necessary as a 
relief valve to allow the escape of sufficient gas to permit 
regular movement of stock.” 

Whether an open center, with its localized circulation of 
reducing gases, is altogether a benefit, is perhaps open to 
question. Fortunately, however, we know that in addition 
to the method of charging the round, distribution can also be 
varied by changing the angle of bell, the diameter of bell in 
relation to stock line. This distance is given as a standard 
2 feet by Mr. Joseph. It may be that, on large furnaces, on 
account of the longer hill down which the stock rolls due to 
our larger stock line diameters, this relation should be 
changed slightly. The trend is to larger stock line areas, as 
they have not been increased nearly as much as the wind 
volume, and therefore we have higher gas velocities in the 
top section of the furnace, which tend to larger production of 
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flue dust. Many of these problems the operators are solving 
by actual furnace tests by varying these top dimensions. 

The best size of coke to use in a blast furnace, as men- 
tioned before, has not been definitely determined; but the 
Statement ‘The ability of coke lumps to retain their size and 
shape until the combustion zone is reached” has been 
proven most essential. Mr. Joseph, in his paper, gives evi- 
dence of preference for a large coke. This should be con- 
sidered in reference to the theory of distribution of stock in a 
furnace. With small coke of uniform size, there is less tend- 
ency to roll to the center than is found where there are large 
lumps in the coke charge; and there is no doubt that the 
smaller coke has an effect on the porosity or regular distri- 
bution of voids across the furnace, and gives a flatter center 
inverted cone in the stock line. This affects the size of the 
open center or chimney through the stock of a blast furnace. 
Then again, just how the size of coke will affect the size of 
the combustion zone at the tuyeres and solution loss, will 
bear further experimentation, as such questions are vital to 
our practice. We are working along these same lines inde- 
pendently, and shortly will have furnace tests conducted with 
the use of sized coke in our blast furnaces. 

The method employed in experiments conducted by 
S. B. Kinney of the Bureau of Mines in the stack of South 
Chicago Furnace No. 4, differed from former tests of this 
nature, which had been made by feeding a pipe down from 
the top of the furnace with the stock ; and this is the first 
time, I believe, that we have ever had the inside of the stack 
so thoroughly investigated. In Kinney’s experiments with 
South Chicago Furnace No. 4, test holes were drilled in the 
stack of this furnace at various levels between the mantle and 
just below the stock line. Through these test holes gas 
samples were taken for analysis, and gas velocities, tempera- 
tures, static pressures, etc., were determined in all these 
planes, and carefully plotted. In each plane, thousands of 
determinations were made to check the results obtained. 
They show a few feet below the stock line inverted cone a 
temperature of 1300° F. at the center of a furnace working 
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on a top temperature of 400° to 450° F. Then there is a con- 
centric ring outside working on an average of 17 per cent. 
CO,. This furnace was working on 1950 pounds of coke per 
ton of iron, and its daily production was 700 to 725 tons daily. 
It has a 19 foot 3 inch hearth, 23 foot 6 inch bosh. Forty-six 
per cent. of the area of the top plane is doing the major part 
of the work in that furnace. As you go down into the second 
plane, you get into the zone of decomposition of limestone, 
where you get a curve that will make you think you are get- 
ting into the really efficient part of the furnace. The decompo- 
sition increases the CO, in the gas, and you will think you are 
getting closer to ideal working; but when you get into the 
third plane, you find that is not the case. All of this research 
is most enlightening, and interesting. It was found, in some 
instances, that the stock came into the region of the tuyeres 
from the point of entry in the furnace in three hours and 
forty-five minutes. This was hard to believe and it was tested 
by passing cables down with the stock; and gauging it from 
the travel of the cables half-way down, it was proven that the 
time required for part of the stock to travel from the top of 
the furnace to the tuyeres was three hours and forty-five 
minutes. From this it is evident that there must be con- 
siderable dead space at some places in the furnace. As an 
additional check on this, I wish to mention our experience 
when we raked out Furnace ‘‘H”’ recently to enable us to 
better examine distribution conditions, ete. When the top 
was removed, the old hopper bolts were thrown into the 
center of the inverted cone of the stock line. After raking 
out two carloads, these bolts appeared at cooler openings. 
Then, to prove it without doubt, some old monkeys were 
thrown on top of the stock in the furnace, and théy appeared 
in the latter part of the fifth carload of stock removed from 
the furnace. It was interesting to see how the center core 
was working. We got our large coke out after the second 
carload, which was the coke that came directly from the top 
or from the center of the inverted cone formation of the stock 
in the top of the furnace. After we had raked out eight car- 
loads, we started to get most of the ore and stone and smaller 


COKE IN THE BLAST FURNACE—MACCOUN 457 


coke, showing that the materials were tumbling in from the 
walls. We raked out 25 carloads altogether, keeping sieve 
test records for every ten feet of stock movement. 

Mr. J. C. Barrett, of Youngstown, by close observation, 
brought out these same conditions in the transactions of this 
Institute a few years ago in connection with the MeDonald 
distributor. Now the use of this distributor has been revived 
at South Chicago and Youngstown on some of their furnace 
tops. It may be, by the use of this, or some other device, we 
can improve, by greater uniformity, the workings in the 
entire volume of a furnace stack and make it more efficient by 
partially plugging the center core or chimney with ore at 
certain intervals. No definite conclusions have yet been 
reached. I trust the Bureau of Mines will continue their 
interesting experiments after these changes in distribution 
have been developed, and the furnace conditions are 
stabilized. | 

A blast furnace, smelting lump ore, would no doubt show 
entirely different results than one using Mesaba ore. This I 
assume from the following experience. When we used a 
greater percentage of Old Range ores at Edgar Thomson, we 
used the Killeen distributor to advantage, which gave a 
smaller center core in the furnace, and also a zone of coarse 
material next to the furnace walls. But when we went to the 
use of fine ores, the operation with this distributor was very 
unsatisfactory, and we went back to the large bell and cone 
distribution, with large center inverted cone formation of 
stock at the stock line, and with more fines against the walls. 
The study of this experimental data is so important that we 
should encourage work of this kind to the fullest possible 
extent. 


Stupy oF RELATIVE AiR Ftow TxHrovucH TuYERES 


As mentioned earlier in this discussion we decided to make 
a test on Furnace “‘G,’”’ at the Edgar Thomson Works to 
determine if a condition of uneven air flow existed at the 


tuyeres. 
Four points of the furnace were selected, one at the tuyere 
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TABLE A 
Bustle pipe. Cu. ft 
Dato P Blow] Bar. See 2a. | Lda. pet Dee. F, [Pe min, 
ey lire Wit hee de | Se. | 8m | Cabal [ator 
guage FE 30” He. 
8-24 | 12:20 a.m. 1 | 29.32 | 17.6 | 1040 | 6.2 | 28.93 | 1456.6 4611 
8-24 | 12:20 a.m. 4 | 29.32 | 17.6 | 1040 | 6.8 | 28.64 1452.8 | 4811 
8-24 | 12:20 a.m. 7 | 29.32 |-17.6 | 1040 | 4.5 | 29.76 1469.0 | 3967 
8-24 | 12:20 4.m. | 10 | 29.32 17.6 | 1040 | 5.9 | 29.08 | 1459.2 | 4506 
8-24 | 10:20 a.m. LO 29.37 17-2 900 | 6.7 | 28.32 | 1317.3 | 4986 
8-24 | 10:20 a.m. 4. | 29:37 | 17.2 900 | 5.2 | 29.05 | 1327.1 | 4433 
8-24 | 10:20 a.m. Ce 29: 3h 7.2 900 | 4.5 | 29.39 | 1331.5 | 4141 
8-24 | 10:20 a.m. | 10 | 29.37 | 17.2 900 | 6.2 | 28.56 | 1320.5 | 4811 
8-24 8:00 p.m. 1 | 29.41 | 17.6 990-} 5.5 | 29.32 | 1413.3 | 4438 
8-24 8:00 P.m. 4) 29.41 | 17.6 990 | 6.0 | 29.08 | 1410.0 | 4622 
8-24 8:00 p.m. Zh A AU RT igre 990 | 6.3 | 28.93 | 1407.8 | 4727 
8-24 8:00 p.m. | 10 | 29.41 | 17.6 990 | 5.1 | 29.52.) 1404.7 | 4302 
8-25 | 11:50 p.m. 1 | 29.51 | 17.0 | 1060 | 8.3 | 27.40 | 1460.2 | 5186 
8-25 | 11:50 p.m. 4 | 29.51 | 17.0 | 1060 | 6.4 | 28.33 | 1474.3 | 4608 
8-25 | 11:50 p.m. 7 | 29.51 | 17.0 | 1060 | 6.6 | 28.23 | 1473.1 | 4673 
8-25 | 11:50 p.m. | 10 | 29.51 | 17.0 | 1060 | 5.7 | 28.68 1479.5 | 4368 
Average of entire 
EBL tet feet F 29.44 | 17.8 | 1001 | 5.9 | 29.30 | 1421.4 | 4590 
TABLE B 
ae cent. 
Calculated) Difference P : & a et ne 
Date Time. pond In. He. uslame parecer yous produced 
_ No. if per min. entials. by volume. ee kes 
ee ig differential. 
8-24 | 12:20 a.m. 1 6.2 4611 ilsr/ 16.2 0.953 
8-24 | 12:20 a.m. 4 6.8 ASTM 2-3 21.3 0.926 
8-24 | 12:20 a.m. 7 4.5 3967 Base 
8-24 | 12:20 a.m. | 10 5.9 4506 1.4 13.6 0.971 
8-24 | 10:20 a.m. 1 6.7 4986 22 20.4 0.927 
8-24 | 10:20 a.m. 4 §.2 4433 0.7 Boll 1.014 
8-24 | 10:20 a.m. zi 4.5 4141 Base 
8-24 | 10:20 a.m. | 10 6.2 4811 1.7 16.2 0.953 
—24 8:00 P.M. 1 5.5 4438 0.4 3.2 0.800 
Be 8:00 P.M. 4 6.0 4622 0.9 7.4 0.822 
8-24 8:00 P.M. if 6.3 4727 1.2 9.9 0.825 
8-24 | 8:00Pp.m. | 10 a 4302 Base 
8-25 | 11:50 p.m. 1 8.3 5186 2.6 18.7 0.719 
8-25 | 11:50 p.m. 4 6.4 4608 (OWA 5.5 0.786 
8-25 | 11:50 p.m. ai 6.6 4673 0.9 7.0 0.777 
8-25 | 11:50 p.m. | 10 ai 4368 Base a 
ING BANEDS andi § Ose S GG GalBes ess EOD ane Cena a rae 0.873 
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nearest the iron notch; one nearest the cinder notch; and the 
other two respectively opposite them. 

Pitot tubes with General Electric flow meters were used to 
record the flow and later the flow through a contracted throat 
or venturi in the blowpipes to produce a differential in a ‘‘U”’ 
tube manometer. The curves shown are taken as typical 
examples from the results of a 70-hour test when the venturi 
was used. The blast pressure was also shown on a manometer 
as it showed the pressure fluctuations better than the ordi- 
nary Bourdon tube gauge. 

A typical example of the results found have been shown 
in Fig. 2. 

In Table ‘‘A” we have calculated the volume of flow 
which existed at a number of representative periods. 

In Table ‘‘B”’ we have shown the derivation of a quick 
method for interpolating the differential curves in ratio of 
flow at the same instant. This shows that each vertical 
space .l-inch Hg. on the curves is equivalent to about 0.9 
per cent. in volume of flow. Any interpolation between 
curves must be taken at the instant or on a vertical plane, as 
a difference in hot blast temperature or blast pressure affects 
the ratio noted. . 

The conclusions drawn from the results found were as 
follows: 


(1) That there was a more or less constant variation 
between the relative flow of air through the tuyeres amount- 
ing to as much as 20 per cent. difference between two tuyeres 
over short periods. 

(2) That there was no one tuyere that took more than its 
share of the blast at all times. 

(3) That there was no one tuyere that took less than its 
share of the blast at all times. 

(4) That of the four tuyeres in question, the tuyere near- 
est the iron notch averaged the largest proportion of air; the 
one opposite the cinder notch taking the next largest and the 
tuyere nearest the cinder notch taking the least. 

(5) That neither the hot blast temperature nor the top 
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temperature were interpretative of the ratio of flow through 
the different tuyeres. 

(6) That there was no constant indication of one tuyere 
taking more than its share of the blast during the flushing or 
casting period. 


In this short discussion of a paper covering a very impor- 
tant subject, I trust Mr. Joseph will pardon the addition of 
some experimental and test data obtained from our blast 
furnace operations. In most cases, this helps to strengthen 
the conclusions arrived at in his review. 

I have tried to indicate where we are lacking in sufficient 
knowledge in many phases of this subject, and hence the 
necessity for continuation of this important research work 
and its useful application to blast furnace practice. I have 
also attempted to emphasize the importance of verifying all 
experimental results and theoretical deductions with actual 
blast furnace tests, so as to determine definitely their effects 
on blast furnace practice, and the importance of codperation 
between blast furnace operators and those engaged in this 
important scientific research work. 


THE CHAIRMAN (Mr. E. A. S. Clarke): We have another 
discussion of this very interesting paper of Mr. J oseph’s by 
Mr. Peter F. Dolan, Superintendent, Blast Furnaces, : 
Bethlehem Steel Company, Coatesville, Pennsylvania. 


Discussion By PETER F. Dotan 
Superintendent, Blast Furnaces, Bethlehem Steel Corporation, 
Coatesville, Pa. 

I quite agree with Mr. Joseph in his ‘‘Review of the 
Behavior of Coke in the Blast Furnace” that the failure to 
closely define the properties of coke is retarding progress in 
correlating coke properties with furnace practice. 

Many views have been expressed as to what constitutes 
differences in combustibility. The different views, while 
proving separate propositions to the satisfaction of their 
respective authors, have failed to standardize on a definition 
of coke properties. Such a definition, which may be termed 
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‘““eombustibility,” should make possible a comparative 
standard grading of cokes that would be clear and intelligible 
to the coke producer, the blast furnace operator, the sales 
manager and the corporation president. I feel that past 
results and data from the Experimental Station of the United 
States Bureau of Mines as compiled by Mr. Joseph and his 
associates justifies the hope for additional data that may 
lead to the attainment of this seemingly impossible ideal. 

Since Mr. Joseph calls his paper ‘‘A Review,” I would 
like to submit the following comparative review of the actual 
operating results on furnaces using coke made from different 
coal mixtures: 

A. Two furnaces in the same plant using a mixture of 
hard magnetic ores with lake ores and mill cinders. One fur- 
nace normally produced 425 tons daily, the other furnace 
550 tons daily. The cokes used during the first month were 
from a 50-50 per cent. mixture of high- and low-volatile 
coals. In the second month the coke was made from 100 
per cent. neutral-volatile coals. 

Coke analysis with shatter tests were as follows: 


Shatter Test. 
Per Cent. 
KS Ash. Sul. on 2-inch. 
50-50 per cent. mixture........... 86.25 12.55 1.18 66.00 
100 per cent. mixture. ........... 86.50 12.30 1.20 64.46 


It will be noted that the two cokes were very similar 
chemically. Neither coke was ideal for blast furnace use; 
that from the 50-50 per cent. mixture was a hard brittle coke 
with some seams. It might be classed as fair. The coke from 
the 100 per cent. neutral coal mix was a hard brittle coke full 
of seams. It broke to small sizes in handling. 

The following figures showing the production, also illus- 
trate the different behavior of the same two cokes in furnaces 
of different size: 

TONS DAILY PRODUCTION 


‘““A” Furnace, “B” Furnace, 
First month 50-50 per cent. coal mix......... 422 537 
Second month 100 per cent. neutral mix...... 426 449 


On “A” Furnace the results were about equal for both 
months. Tuyere losses were normal and no changes were 
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made in air blown, the figures being 35,600 cubic feet per 
minute for both months. On “B” Furnace the results were 
considered satisfactory for the first month, while very poor 
for the second month. The coke made from the 100 per cent. 
neutral coals did not stand the abrasion in the furnace and 
a large percentage reached the tuyeres in a very fine state 
(about pea size). Air blown was 43,000 cubic feet per minute 
first month and 40,000 second month. Tuyere losses in the 
second month were high and percentage of off-grade iron and 
flue dust production increased. 

B. Two groups of blast furnaces in another plant bur- 
dened with lake ores and using the same limestone. One 
grade of coke is being used on one group of blast furnaces and 
another grade of coke on the other group of furnaces. The 
No. 1 group of furnaces are using coke made from coal mix- 
tures of 60 per cent. low-volatile and 40 per cent. high-volatile 
and are producing 600 tons of iron daily on furnaces with 18- 
foot hearth diameter. The No. 2 group of furnaces are using 
coke made from coal mixtures of 40 per cent. low-volatile 
with 60 per cent. high-volatile and are producing 575 tons 
daily on an 18-foot 6-inch hearth and 690 tons daily on a 
20-foot 6-inch hearth. Flue dust production on the No. 1 
group averages 200 pounds per ton of pig iron and on the 
No. 2 group, 400 pounds per ton of pig iron. 

Chemically and physically these cokes compare as follows: 


Per cent. Per cent. Per cent. Shatter test 
Coal Mixture fixed carbon as sulphur per cent. on a 2/” 
40 per cent. high volatile 
60 per cent. low volatile’ 88.0 10:8 ae 78. 
60 per cent. high volatile 85.0 13.5 1.20 70, 


40 per cent. low volatile 


C. I have talked with a blast furnace operator during the 
past year using coke purchased from another corporation. 
The furnace he was operating, rated at 250 tons daily 
capacity, was producing 325 tons of iron daily. The corpo- 
ration which sold this coke was operating a furnace rated at 
550 tons daily capacity from which they were reported as 
getting 500 tons daily production, using the same coke. The 
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superintendent in charge of the larger furnace said the coke 
was too soft to get the best results. 

These three citations will serve to illustrate the broad 
range there is in the behavior of coke in a blast furnace. They 
show that there are variables that make one blast furnace 
operator ask for one thing and that make the man “across the 
street’’ object to that same thing; and both are right. The 
definition that appears to be needed should include all these 
variables; and should show why coals that make fair coke 
when used by themselves, make inferior coke unfit for blast 
furnace use when mixed with other coals. 

The coke used at the present time in furnace ‘‘B”’ of cita- 
tion ‘‘A”’ is the 60 per cent. high, 40 per cent. low-volatile mix 
shown on furnaces of group No. 2 citation ‘“‘B.’’ This coke 
though higher in ash content, has better physical properties, 
enabling the operator to drive the furnace at a daily rate of 
648 tons for the present year to date. 

Blast furnace operators are agreed that the quality of 
their fuel plays a predominant part in performance. There 
is also a practically unanimous agreement that the best coke 
reaches the tuyeres in sufficient quantity and in proper con- 
dition to do the work required. There is not unanimous 
agreement as to the most suitable coke to charge into a blast 
furnace. Because of differences of furnace size and design, 
it is quite possible to get satisfactory results on one furnace 
and most unsatisfactory results on another furnace at the 
same or other plants, using the same fuel. 

This leads to the thought that it will be possible to get 
comparably good results from the same coke, whether hard 
or soft, on either a large or small furnace, by suitably con- 
trolling the size charged into each furnace. This control 
would necessitate proper handling facilities to avoid undue 
breakage of the coke; and suitable screening arrangements 
for the purpose of increasing the average charging size of the 
softer cokes and crushing the heavier dense slow-burning 
cokes to smaller average charging size. 

In conclusion, the statement of Mr. J. E. Johnson in his 
work “Principles, Operations and Products of the Blast 
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Furnace” that “on the subject of coke, volumes have been 
written but the surface has only been scratched’’ is true 
today. 


Tue Cuarrman (Mr. E. A. S. Clarke): The next paper is 
that entitled, ‘‘Cast Iron Pipe Centrifugally Made in Sand 
Molds,”” by James T. MacKenzie, Metallurgist, American 
Cast Iron Pipe Company, Birmingham, Alabama. 
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CAST IRON PIPE CENTRIFUGALLY MADE IN 
SAND MOLDS 


James T. MacKeEnzipg, 
Metallurgist, American Cast Iron Pipe Company, Birmingham, Ala. 


Centrifugal processes for the manufacture of pipes and 
various other hollow bodies have been described in numer- 
ous technical papers of recent years, and have been the sub- 
ject of a considerable part of the patent literature of the past 
century. The great majority of the investigators were inter- 
ested in the combination of the centrifugal process with the 
permanent mold. Only in the last two decades does the 
sand mold appear to have been considered in connection 
with centrifugal casting, and until the development of the 
process now under consideration no one was able to over- 
come the difficulties which confronted him. 

The reason for using a sand mold is obviously a desire to 
preserve those qualities which have made cast iron pipe the 
standard pipe for water and gas mains throughout the civilized 
world. Cast iron pipe, as made by the old process in sand 
molds, possesses a true gray iron structure which is at the 
same time resilient, machinable and preéminently resistant 
to corrosion. It has a long and honorable record of service 
which demands that these properties be retained in the 
products of the future. The centrifugal process gives certain 
fundamental advantages: evenness of section and soundness 
of section. The combination, therefore, of centrifugal cast- 
ing and the sand mold gives at the same time a sound, even 
casting of a true gray iron structure with consequent strength, 
resilience, machinability, and resistance to corrosion. 

The history of the sand cast centrifugal process is rela- 
tively brief. While a refractory or sand-lined mold has been 
suggested in previous patents, none of the prior art investi- 
gators appears to have investigated fully enough to have 
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successfully operated with the sand-lined mold. It will be 
noted that in every other instance where a sand-lined mold 
is employed it is of secondary consideration. The further 
fact that none of these processes has been commercially 
successful is an indication that they were not developed to 
any conclusion. 

Basically, the iron is poured into a slowly rotating green 
sand mold at an angle to the horizontal. The mold, slowly 
rotating during the pouring, is slowly lowered to the hori- 
zontal, and shortly before or at the time of reaching this 


' position, when approximately all of the metal has been 


delivered into the mold, it is suddenly accelerated to the 
speed required for the particular metal thickness and 
diameter involved. Rotation is continued until the metal 
solidifies and after a suitable time the flask, containing the 
pipe and sand, is taken to the strippers whence the pipe 
travels through the sheds, where it is cleaned, inspected, 
coated, tested and weighed, while the flask returns to the 
ramming station. 

The sand is freed of dust by suction; new material, water 
and clay wash are added with thorough mixing to restore the 
moisture and bond and the mixture is delivered to the 
ramming stations in one continuous series of operations. 
Tests for moisture, bond, permeability and grain size are 
made every half-hour as it is essential to maintain these 
values within very close limits. 

The molds are rammed in a device which accurately 
centers the pattern with respect to the spinning members of 
the flask. Special bead rings lined with sand are put in 
place and oil sand bell cores are inserted just before casting. 
Thus a complete sand mold is produced and the iron is 
protected from metallic contact at all points. 

Sand cast centrifugal pipe have an unusually good appear- 
ance for a casting. They are smooth, free from surface 
defects or blemishes and the insides are free of the defects 
of roughness which balked the earlier investigators. They 
are remarkably uniform in section and in microstructure of 
metal throughout both circumference and length. Being 
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slowly cooled they are straight, free of strains and true to 
pattern. These characteristics lend themselves particularly 
well to coating. The sand cast surface of the outside and 
the “‘finely rough” surface of the inside hold tenaciously to 
tar, or mixture of tar and asphalt, used for coating. 

On account of its straightness and concentricity, this pipe 
is peculiarly well adapted to cement lining which has proved 
to be most useful in certain soft waters. The pipe can be 
made in any practical thickness, Class D of the A. W. W. A. 
standard specification being cast as easily as the lighter 
classes which are becoming increasingly popular with the 
development of centrifugal casting. The sand mold gives 
complete freedom in the outside contour as the standard 
patterns may be used for the heavier classes. The bead is 
cast on, thus preserving the familiar “‘bell and spigot joint”’ 
exactly as provided for in existing specifications. . 

The fracture of the iron shows an extraordinarily clean, 
fine and even grain. The slow cooling from outside surface 
to inside surface, while under the high pressure of centrifugal 
force, brings to the inside surface all foreign particles, such 
as sand, blacking or slag, and there is a considerable migra- 
tion of manganese sulphide in the same way. Oxides or 
silicates of iron and manganese are also forced out. In the 
early stages of the process these impurities formed a stiff, 
viscous covering of scruff on the surface of the metal and 
held such drops of iron as fell into it during the acceleration 
of the spinning, the whole mass then being so heavy that it 
was partly embedded in the inside surface of the pipe wall. 
Grinding was then only partly successful in removing the 
deposit, and the pellets of iron being torn out by the wheel 
left pits in the pipe wall. Douglas T. Beatty, late Superin- 
tendent of the American Cast Iron Pipe Company, conceived 
the novel idea of dissolving these foreign bodies by means of 
a basic flux of a low melting point and high fluidity. After 
successful experiments had been made with expensive weld- 
ing fluxes, further tests showed that commercial soda ash 
was completely satisfactory. Only a small quantity is 
necessary. It is charged in powdered form on the metal in 
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the pouring ladle, after skimming, and is entirely liquid 
when pouring is begun. The molten sodium carbonate dis- 
solves any sand from the mold, trough, or ladle, any man- 
ganese or silicon compounds formed from oxidation of the 
iron during pouring, and holds in fluid suspension the oxides 
of iron always present in small amounts, the reaction giving 
off a quantity of carbon dioxide which expels the air from 
the mold and prevents further oxidation. This fluid slag 
allows the drops of molten iron to pass readily through to 
the still molten metal beneath, where it loses its identity 
completely. The slag is fluid long after the metal is set and 
is easily removed because it is wholly superficial. When 
cold it is very brittle and easily ground out. 

It is utterly impossible for any gases to become trapped 
in the iron owing to its slow freezing. The progress of 
crystallization, continuously and slowly from outside to 
inside has no tendency to lock any of these undesirable 
materials in amongst the crystal branches, but rather to 
assist them to go to the inside as is their tendency by reason 
of their low specific gravity. Once at the surface they are 
readily incorporated in the slag. This freedom from inclu- 
sion is a prime reason for the superior strength of the pipe 
and it allows it to be easily cut and machined. 

Microscopically the iron is, as in pit-cast pipe, pre- 
dominantly pearlitic. Combined carbon will average 
0.75 per cent., which, with the usual analysis of 1.60 per 
cent. silicon, 3.50 per cent. total carbon, and 0.70 per cent. 
phosphorus gives only pearlite, graphite and the binary 
phosphide eutectic, the latter being about ten times the 
phosphorus, or 7 per cent. 

The structures of centrifugally sand-cast pipe and pit- 
cast pipe are shown in Figs. la and 1b etched with picric 
acid x 100.. The comparative shape and distribution of the 
graphite is shown in Fig. 2 in which a, 6, and ¢ are centrif- 
ugal and d, e, and f are pit cast; outside, middle and inside 
respectively. It is clear that fine graphite arranged in 
whorls is characteristic of the centrifugal pipe, beginning 
almost immediately at the outer edge and growing very 
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slowly to the inner surface. The pit cast is a close structure 
on both edges with graphite tending to globular form, while 
a large area in the middle is decidedly flaky. The whorl 
structure, when consisting of fine leaflets, as in this case, is 
markedly superior in physical properties to the flakes. The 
pearlitic matrix gives a maximum of resilience without 
tendency to brittleness, and it will be noted that the phos- 
phide is in small discrete particles, which do not interrupt 
the continuity of the pearlite. The iron used, melted very 
_ hot, is intrinsically stronger than that commonly used in 
the old process as there is not the difficulty in casting 
encountered in the old method with superheated metal. 
Slow cooling permits the iron to develop flexibility with 
strength and the super-heating serves to dissolve graphite 
nuclei present in colder melted irons. The advantages of 
superheating cast iron have been recently demonstrated by 
Professor Piwowarsky of Aachen, Germany, who showed that 
by heating cast iron to a sufficiently high temperature the 
graphite nuclei are dissolved and do not form again until 
the freezing point of the liquid is reached. It is then too 
late for it to form coarse particles. This principle of physi- 
cal chemistry, long known to science, has been only recently 
applied to the metallurgy of cast iron, but is very probably 
responsible for some of the increased strength obtained in 
this product. 

This process is peculiarly adapted to the production of 
special materials in small quantities, alloy additions up to 
1 or 2 per cent. being easily made to the iron in the individual 
foundry ladles. Thus, by the use of chrome, nickel, copper 
or other alloys, tubes of exceptional strength, flexibility, 
or resistance to abrasion or special corrosive agents may be 
made in any desired quantity. 

Prof. A. N. Talbot of the University of Illinois, working 
with Prof. F. E. Richart of the same institution, made a 
comprehensive series of tests of cast iron pipe which were 
published in 1926 by the American Society for Testing 
Materials, and the American Water Works Association. The 
prime object of Professor Talbot’s work was to determine the 
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F.—Inner Edge. 


-Cast Pipe, unetched, X 50. 


E.—Middle. 


D.—Outer Edge. 


Bie. 2 (continued).—Photomicrographs of Specimens from Pit 
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TaBLe A.—SuMMARY OF RESULTS OF INVESTIGATIONS ON CastT-IRON PIPE. 


Internal pres- eee Flexure tests of pipe. sige tie ts of 
q |ige f8e | 2 [fe] sR | B | =k 
wz (ge! [aes | Ba [S62 | 22 | 32 | 3s 
tot. | Bg |82 [Sze | se [282 | 85 | se] Fs 
He [eee loves] Bs [see | So, | 2a | fs. 
S58 jess |S0ag| 3] jase aB4 a” | @Ss 
Ge |Sese/S2.8) Se |Seks| 825 | Se | 88s 
Bs [soaSinvon| sk [soak] Bea sa goa 
1 2 3 4 5 7 
Group I.—VrrticaLty Cast, SAND MOLp. 
L eater ebet ce 13,900} 4.8 | 16.7 | 29,000} 3 10,150,000) 35,300|7,500,000 
4 ‘| 16,100] 10.3 | 16.6 |32/200| 6.4 | 9,400,000) 38,300/7,200,000 
20 14,700| 9.2 | 14.0 | 27,000} 2.2 |10,030,000/ 33,900|7,710,000 
ali: Sher 13,700] 2.6 | 15.3 | 26,800} 0.7 | 9,130,000) 33,700)6,630,000 
Pi are 13,400} 15.6 | 20.3 | 29,300] 7.1 {10,200,000} 39,100|7,430,000 
COs sereaee 14,800} 3.9 | 14.4 | 28,400} 5.3 |10,070,000) 35,000)7,160,000 
Vile tients 14,600} 9.3 | 16.0 | 26,300} 2.7 | 9,600,000) 29,300)6, 870, 000 
(PR Ree 14,400} 3.7 | 18.2 | 26,900} 6.5 | 9,030,000} 32,300 6, 610, 000 
(pie Ret 16,400} 7.3 | 14.2 | 26,800) 4.9 10, 940,000 000 35, 500 7 320, 000 
Average... .| 14,700) 7.4 | 16.2 | 28,100) 4.4 9,840,000 34,700 |7,160,000 
Full Resilience “Factor” 95 207 


Group II.—CrntriruGat Process, Sanp Mo 1p. 


Yee £8 20,200! 1.9 | 16.4 |39,500| 2.4 | 9,750,000] 43,500/7,530,000 

Boe eee 20,800} 6.5 | 19.0 | 30,700) 3.5 |10,520,000)| 41,100|7,950,000 

Pies Re ck 19,600} 3.5 | 16.1 | 37,500) 4.4 |10,420,000} 43,000/8,250,000 

(ie ...| 20,600) 5.7 | 18.1 |38,600} 8.5 | 9,920,000) 46,000/7,670,000 

Average....|20,300| 4.4 | 17.4 |36,600| 4.7 |10,150,000] 43,400/7,850,000 
Full Resilience “‘ Factor” 158 316 


value of the new products entering the field, but when pro- 
jecting the tests it was found necessary to subject a number 
of representative sand-cast pipe to the several tests in order 
to establish the value of the tests themselves. In other 
words, the tests had to be standardized against vertically 
cast pipe. To insure a representative selection for such a 
standard, samples were taken from nine different lots of 
pipe, only two of which were from the same foundry, and 
these were from different mixtures. Four lots were from 
Alabama, three from Ohio, and one each from Virginia and 
New Jersey. They were tested by internal hydrostatic 
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pressure, by cross bending on ten-foot Supports, and by 
impact of a weight falling from successively increasing 
heights while under ordinary line pressure of water. In 
addition various test specimens were cut from the wall of 
the pipe and tested,—strips, rings and tensile specimens. 

A tabulation of the results obtained by Professor Talbot on 
pit-cast and centrifugally sand-cast pipe is shown in Table 
A. Column 1 shows the tensile strength in pounds per 
Square inch as developed by internal hydrostatic pressure. 
This test shows the weakest part of the whole pipe wall and, 


as worked out by these investigators, was not complicated 


by any other stresses. The averages show 38 per cent. 
greater strength for centrifugal than for pit-cast pipe. 
Column 2 shows the mean deviation which was derived by 
taking the sum of the differences between each test and the 
average (regardless of sign) and dividing by the number of 
tests. The centrifugal shows only a little more than half the 
deviation of the pit-cast, this indicating greater uniformity 
in addition to the greater strength. Column 3 shows the 
result of the impact test calculated by the writer to the 
height of drop necessary to break the pipe if it were exactly 
one inch thick (height of drop divided by the square of the 
thickness). These results show the relative ability of the 
two products to withstand external blows and is some 
measure of the resistance to water hammer. Columns 4, 
5, and 6 show the modulus of rupture, mean deviation in 
modulus of rupture, and secant modulus of elasticity for the 
two groups when tested transversely as a beam with cen- 
trally applied load. The centrifugal shows here practically 
the same deviation and modulus of elasticity and 30 per 
cent. greater modulus of rupture. Columns 7 and 8 show 
modulus of rupture and modulus of elasticity determined 
on the test strip proposed by the authors as the inspection 
test for cast iron pipe. They describe this strip as follows: 

“Tn an effort to get a test specimen that would be easily 
made and would in any part of a section be representative 
of the metal throughout the thickness of the wall of the 
pipe a test strip the full thickness of the pipe and 14” in the 
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other dimension and 12” long was cut from the pipe. The 
test strip was tested as a beam with the 14” dimension 
placed vertically and the load was applied equally at the 
one-third points of a span of 10’. Deflection at the middle 
of the span was measured throughout the test by means of a 
deflectometer reading to 0.001”’.” 
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Values of Cast Iron Pipe. 


The results show 25 per cent. greater modulus of rupture 
for centrifugal and 10 per cent. greater modulus of elasticity. 
Under each of the flexure tests is shown a Full Resilience 
Factor. This is obtained by dividing the square of the modu- 
lus of rupture by the modulus of elasticity and correcting 
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for curvature as determined by Professor Talbot. This gives 
the relative amount of work done in breaking the specimens, 
or the capacity of the beam for storing energy, which is the 
same as its capacity to resist rupture. It is apparent that 
if the moduli of rupture of two materials are the same, the 
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Fig. 4.—Load Deflection Curves on Strips cut from 
Centrifugally Sand-Cast Pipe. 
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one with the greatest ability to bend (lowest modulus of 
elasticity) will stand the greater abuse. Also that with equal 
bending ability, the one with the higher modulus of rupture 
will be the more serviceable. These figures show that the 
centrifugal iron has 66 per cent. greater resilience in the 
pipe tests and is 53 per cent. better in the strip tests. The 
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average results of Table A are illustrated graphically in 
Fig. 3, which shows that the centrifugal excels the pit-cast 
in every test. Figures for these tests at our plant from 
July 5, to September 3, 1927, show a general average of 46,000 
pounds per square inch modulus of rupture, 7,890,000 
pounds per square inch modulus of elasticity, Brinell hard- 
ness number of 200, and tensile strength of 29,600. The 
resilience factor shows 357, which is 10 per cent. better than 
that obtained by Professor Talbot. In Fig. 4 are shown two 
representative bending curves: No. 1 giving 49,600 modulus 
of rupture, 8,130,000 modulus of elasticity, Brinell, inside 
187, outside 207 and tensile strength 30,400; No. 2 gives 
42,200 modulus of rupture, 6,930,000 modulus of elasticity, 
Brinell inside 179, outside 187 and tensile strength of 27,700. 
Tensile tests were made on small bars machined from the 
broken ends of the strips. These two pipes were selected 
to show the extremes to be expected, one is about 10 per 
cent. above and one 10 per cent. below the average for 
modulus of rupture as shown above. The curves shown are 
typical of gray cast iron. These and the average for all tests 
for two months show that the product as manufactured 
today has in no sense departed from the excellent qualities 
shown for it in Professor Talbot’s paper. 

The outstanding merit of this product is that it gives a 
homogeneous, sound, close-grained iron, which is tough, 
strong, resilient and easily machined. It shows approxi- 
mately 40 per cent. greater strength than ordinary sand- 
cast pipe in both bursting and transverse tests. It shows 
greater resistance to impact and greater bending ability. 
As it is a true gray iron and possesses the granular structure 
peculiar to gray iron, which has most successfully resisted 
corrosion in the past, we may expect that the new product, 
on account of its slightly greater density and homogeneity, 
will be better in this respect. 


THE CHAIRMAN (Mr. E. A. 8. Clarke): There will be a dis- 
cussion of Mr. MacKenzie’s paper by Mr. John D. Capron, 
Research Engineer, United States Cast Iron Pipe and Foun- 
dry Company, Burlington, New J ersey. 
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Discussion By JoHn D. Capron 
Research Engineer, United States Cast Iron Pipe & Foundry Company, 
Burlington, N. J. 

Although there are several centrifugal processes in opera- 
tion on a commercial scale today, the art of centrifugal cast- 
ing is still in the state of development. We are, therefore, 
much indebted to Mr. MacKenzie for his clear explanation of 
the sand mold centrifugal process. 

One thing that all the centrifugal methods, now in use, 
have in common is that each of them result in an improve- 
‘ment in product as well as in the manufacturing process; for 
example, the increased strength of the pipe made by the 
sand mold centrifugal process just described. As Mr. Mac- 
Kenzie points out there are several factors entering into this 
increased strength, each of them a direct result or made possi- 
ble by the use of centrifugal force. The speaker mentions 
the elimination of occluded gases, the high pressures during 
cooling, the high temperatures of the metal as poured and the 
use of stronger iron. It would be of value to know just what 
part each of these factors play in the 25 per cent. increase in 
strength of sand mold centrifugal pipe over pit cast pipe, 
referred to by Mr. MacKenzie. 

Of particular interest is the possibility of using stronger 
iron. Inasmuch as there has been little change in recent 
years in the physical properties of the available irons in the 
Birmingham District, a stronger metal is probably obtained 
by the addition of steel scrap. This is further indicated by 
the fact that facilities for such an addition are shown in the 
plan of this shop published in The Iron Age of April 15, 1926. 
It would be interesting to develop what part of the mix is 
composed of steel scrap and what proportion of the increased 
strength of the iron is due to the addition of this steel scrap. 

The tests of Professor Talbot, mentioned in the paper, 
show that centrifugal pipe is an improvement over the old 
pit cast pipe. However, they show further that the results of 
the centrifugal process using a refractory mold and the centri- 
fugal process using a permanent mold are not identical. As 
Mr. MacKenzie points out the centrifugal sand cast pipe 
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shows a 25 per cent. greater modulus of rupture and a 10 per 
cent. greater modulus of elasticity than pit cast pipe. Pro- 
fessor Talbot’s tests show that the centrifugal process using 
permanent molds results in a still greater increase in modulus 
of rupture as well as in the modulus of elasticity. Authorities 
differ as to the relative importance of these two physical 
properties. 

The Federal Specification Board has endeavored to place 
the pipe cast by the two centrifugal processes on the same 
basis in their Specifications for Centrifugally Cast Iron Pipe 
recently issued in the tentative form. 

The Proposed Master Specifications read in part as 
follows: Section VI, Paragraph 5—‘‘ For pipe east in metal 
contact machines the secant modulus of elasticity shall not 
exceed 15,000,000 pounds per square inch, with the cor- 
responding modulus of rupture not less than 40,000 pounds 
per square inch. . 

“For pipe cast in sand contact machines the secant modulus 
of elasticity shall not exceed 10,000,000 pounds per square 
inch, with the corresponding modulus of rupture not less than 
35,000 pounds per square inch.” 

The main impression left by Mr. MacKenzie’s paper is 
that the relatively new art of centrifugal casting is receiving 
the careful study so necessary for development. 


THE CHAIRMAN (Mr. E. A. S. Clarke): With the con- 
clusion of these papers, according to the references made this 
morning, the Institute now has 216 papers instead of 210. 
I think we can say that the quality of the last six papers is 
quite in line with their predecessors. 

There is a moving picture of the cast iron pipe casting 
process to be presented. If you will wait a moment, we will 
see it. 

That will adjourn the meeting for this afternoon. We 
hope you will all be in good season for the banquet this 
evening at seven-thirty. 


DINNER OF THE AMERICAN IRON AND STEEL INSTITUTE IN THE GRAND BALLROOM OF 
THE COMMODORE, NEW YORK, OCTOBER 28, 1927 
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EVENING SESSION 


The evening session of the Institute was held in the 
Grand Ballroom of the Commodore. After dinner, President 
Schwab called the meeting to order. 

Mr. Scuwas: Sit down now like good boys, and behave. 
. Gentlemen of the Iron and Steel Institute, I feel as happy 
as a boy tonight. I hope I look as I feel. If any man has 
a right to be happy, I have that right tonight. I am happy, 
first of all, because I have been the choice of this distinguished 
body of good friends over so many years to head the Iron 
and Steel Institute, and I have been doubly happy because 
of the splendid reception and approval that I have had at 
your hands. (Applause.) 

I am happy because I have been brought in closer touch 
again with my past forty-five years in the iron and steel 
_ business and it makes me feel the youth that I was forty 
years ago. Fellows like Willis King, Jim Farrell and Jim 
Campbell have always seemed young to me, but when I meet 
all these managers, many of whom I have been associated 
with during this long career, I feel a boy again with them. 

We rejoice at this meeting of good fellowship. Boys, I am 
happy for many reasons. I could go on enumerating the 
reasons why I am happy. I feel very proud of the splendid 
speech my friend of forty years, Jim Farrell, made in nomi- 
nating me and again his second speech this morning. Both 
from the point of view of business and sentiment and kindli- 
ness, they were as fine as I have ever heard. 

I am happy that Farrell made that speech because, after 
all, he controls the greater part of the steel industry of this 
country, and his nomination and approval but lend support 
to the fact that we are going to go along in one happy family 
of good fellowship under my humble leadership and under 
his powerful support and influence. I am doubly happy,—I 
should have been happy to have seen Willis King made the 
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interest that you are going to take in the American Iron and 
Steel Institute. 

Now, boys, lots of us have made mistakes in the years 
past. We expect to make more mistakes. Nobody has made 
more mistakes than I have made, but there is one mistake 
I have never made, and that is to lack appreciation of those 
with whom I have been associated in business, and especially 
my old friends and associates in the iron and steel business. 
Cultivate this spirit with me, my friends. Enter into the 
spirit of what we intend to do, for the Institute and the up- 
building of your industry, and we shall all be happy. 

I told a story today of Mr. Pat Dillon, who was pur- 
chasing agent of the old Carnegie Company. It might stand 
repeating to those who have not heard it. Pat wrote me a 
note one day. Mr. Carnegie was in Florence, Italy, and 
bought a marble statue of Venus and sent it to Pat for a 
Christmas present; Pat wrote me a note that evening saying: 
‘“‘ Dear Charley: The old man has sent me a stone woman and 
I don’t know what the hell to do with her.”’ (Laughter.) 

I really did not intend to tell that story. I intended telling 
another story of Pat Dillon. One day I was in the Union 
Station in Pittsburgh seated in a car waiting for the train to 
start. I was all alone having dinner, when I saw Pat walking 
along the platform with a satchel in each hand. I sent word 
to him asking him to come in and ride with me. He came. 
In our conversation, Pat had this to say to me. ‘‘Charley, 
they tell me that you fellows who made money here in Pitts- 
burgh go down to New York and misbehave, doing things 
you should not do, like staying out at night and gambling 
and I don’t understand it.”” I replied, ‘Pat, that is all 
right, but they don’t say a thing like that about me?”’ 
“Oh,”’ he said, ‘‘They know that about you.”” (Laughter.) 

Well, boys, you know I have had a good time in life. The 
good professor at the table asked Mr. Farrell how he retained 
his splendid complexion. I said, ‘‘I can tell you. He has 
never done anything wrong in his life.’’ (Laughter.) 

Now, that is not true of Jim Campbell. (Laughter.) Any- 
one can look at Jim and me and know that we have had a 
good time in life. 
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I wanted to tell a little experience, too, and make an 
apology to you. I have been meeting hundreds of boys here 
who know me, many of whom I have had difficulty in placing. 
I wanted to greet them as my heart prompted me. I was 
reminded of one of Joseph Jefferson’s favorite stories. 
Joseph Jefferson said that he was in the Author’s Club one 
day when, at the head of the stairway, he met a stocky gen- 
tleman with a moustache. The gentleman greeted him with 
“Why, Mr. Jefferson, I am glad to see you.” “Well,” said 
_ Mr. Jefferson, ‘I am sorry, I don’t remember you.”’ Why.” 
said the man, ‘‘I am General Grant.”’ Mr. Jefferson told me, 
he felt so ashamed of himself that he left the club for fear 
that he would ask him if he had ever heard of the Civil 
War. (Laughter.) 

I have felt just that way with some of you today, for 
instance, when I spoke to one fellow that I thought rolled for 
me at Homestead years ago: but I hope you will all excuse 
me and make yourselves. known. I am not as young as I 
used to be, and I do not remember as well as I used to. There 
are some things I do just as well as I have ever done. (Laugh- 
ter.) I can tell a pretty face in the gallery today as well as I 
could forty years ago. (Applause.) 

Gentlemen, in your other walks of life, I should advise 
you to cultivate that same spirit of youthfulness that has 
always been my maxim. (Applause.) 

Now, my friends, there is little else for me to say. I am 
happy beyond description at being connected with you once 
again, especially as the president of this great organization. 
There is nothing in the world that I prize so highly as my 
association with you, badly as I need money. (Laughter.) 
I would forego any amount of money; in fact, all else in the 
world to have this great honor just bestowed upon me. 

When I left home this evening my wife said to me, ‘‘ Now 
that you have a really dignified and honorable office,” 
(laughter) ‘‘will you please, for my sake, conduct yourself 
as a gentleman should in such a dignified place.” I am afraid 
to tell her that up to this moment I had forgotten that; but 
I am going to try to do better in the future. As your pre- 
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siding officer I shall endeavor to give the position the dignity 
which it deserves; but above all I pledge myself, and I want 
you to pledge yourselves, to a continuance of that friendly 
relationship, even in greater measure, which we have had for 
- so many years. 

I want to tell you one story as illustrating how I feel, and 
then I shall go back to my dignity (laughter), because while 
I am so happy, I am wondering how you all are feeling. I 
hope I have not told this story to you before, but, if I have, 
you will just have to laugh again, as you have always 
laughed in the years gone by. It happened like this. I was 
in Europe near Nice a few winters ago and spent a good deal 
of time with an old friend—the very distinguished though 
democratic King of Sweden. While walking up and down the 
terrace one morning and while I was awaiting a cablegram 
from Grace telling me about some financing, I became 
anxious at the delay in the arrival of the message. When I 
finally saw the boy in the distance coming towards us with 
the cable, I said ‘‘ Your Majesty, I believe this is the cable 
message I am expecting. If it is, I assure you I will be better 
company after reading it.”” Then I added, ‘‘ Your Majesty, 
the boy who is bringing the cablegram was born in Sweden. 
He is still one of your subjects. He would be very happy to 
go back to New York and tell his compatriots that he had 
met the King of Sweden. Do you mind if I present him to 
you?” “No,” said the King, ‘‘I should be very happy.” 
So I presented Carl, my valet, to the King and the King said, 
“Wait a moment. You must tell me a new story.” I replied, 
“T will try to think of one.” Carl started to leave after I 
had read the cable, which was quite satisfactory, but I said, 
“Wait, Carl, I have promised his Majesty that I would tell 
him a story, and I am going to relate one about you.” I said 
to the King, ‘‘Four or five years ago you saw fit to give me 
an honor from your country, I was very happy and when I 
was coming home I said, ‘Carl, your King has given me a 
decoration.” ‘Oh,’ Carl said, ‘I am very pleased, Mr. 
Schwab; but why the decoration?’ I said, ‘I will tell you. I 
told him last year that I had had a Swedish valet for twenty- 
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five years,’ and he said, ‘Any man who could put up with a 
Swede for twenty-five years was entitled to a decoration.’”’ 
(Laughter.) 

Now, boys, you have put up with me for twenty years; 
you have got to put up with me for a few years more, and by 
reason of the fact that I have been twenty years associated 
with you in this industry, I feel I am entitled to the same 
love and respect from you as I have for you. 

I have taken up a lot of your time. I cannot talk in the 
light-hearted manner that I could were I not your president. 
I must speak in a more serious manner. Mr. Julius Barnes 
is laughing at me for saying that. 


You can see who the real boss of this concern is—Mr. E. 
A. 8. Clarke. He has just whispered to me that this is the 
proper time to introduce the men who read the papers at our 
meetings this morning and this afternoon. I would like the 
members of this Institute to appreciate the work that these 
gentlemen have done for the advancement of the art and the 
credit of the Institute. We have them at our head table as 
guests this evening. I am going to call their names and ask 
them to arise so that you may see and know these gentle- 
men better. 
The first is Mr. 8. M. Kintner, who read the paper on 
-“ Knowles Glow Tubes and Similar Recent Developments.” 
He is of the Westinghouse Electric and Manufacturing 
Company. He is the fellow that told us a lot of things that 
we did not understand before, and which are just as myste- 
rious as they ever were. I remember the celebrated John 
Brashear giving a lecture in Homestead one time; he spoke 
of the stars, told of the millions and trillions of miles the stars 
were from the earth—as Mr. Kintner did of the vibrations 
today—and going home in the street car I overheard two men 
discussing Uncle John’s lecture, two workmen. One said, 
“It was a great lecture. He is a great man.” ‘‘Well,” the 
other man said, ‘‘he is either the greatest man in the world, 
or he is the greatest liar.”’ (Laughter.) 
(Mr. Kintner arose amid applause.) 
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Mr. Scuwas: The next paper was the one by Mr. W. A. 
Forbes, ‘‘Technological Problems of the Steel Industry.”’ 
Mr. Forbes is assistant to President Farrell of the United 
States Steel Corporation. 

(Mr. Forbes arose amid applause.) 

Mr. Scuwas: The next morning paper was by Mr. D. L. 
Mekeel, ‘‘ A Steel Mill Boiler Plant.’’ He is an eminent engi- 
neer in the Jones and Laughlin Steel Corporation. (Applause.) 
When I speak of Jones and Laughlin, of course I mean Willis 
King. He is the whole show. 

(Mr. Mekeel arose amid applause.) 

Mr. Scuwas: The next man-is Mr. Stephen Badlam, 
“The Evolution of the Wide Strip Mill.”” He is consulting 
engineer of Pittsburgh, Pa. 

(Mr. Badlam arose amid applause.) 

Mr. Scuwas: The next man is Mr. T. L. Joseph, ‘‘ Be- 
havior of Coke in the Blast Furnace.”’ He is supervising 
engineer, Bureau of Mines, Mining Experiment Station at 
Minneapolis, Minn. 

(Mr. Joseph arose amid applause.) 

Mr. Scuwas: The next is Mr. James T. MacKenzie. He 
read a paper on “‘Cast Iron Pipe Centrifugally Made in 
Sand Molds.”’ He is the metallurgist of the American Cast 
Iron Pipe Company, Birmingham, Alabama. 

(Mr. MacKenzie arose amid applause.) 

Mr. Scuwas: I publicly on behalf of the Institute and 
its members thank these gentlemen for their very interesting 
papers, that have contributed so much to our credit and the 
dignity of our great Institute. 


Now, my friends, I will get back where I started when 
Mr. Clarke interrupted me. I am going to introduce the 
first speaker, the distinguished Mr. Julius Barnes. And 
although I have known him for many years I must look at 
this paper that Mr. Clarke has handed me giving the list of 
Mr. Barnes’ titles, decorations and honors conferred upon 
him, all of which reminds me to tell a story about him. He 
has given me permission to do so. 
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You know a fellow said to him one time, “‘Mr. Barnes, 
why is it that you have so many distinctions: what have 
you done of such great and creditable nature that you should 
have decorations of every kind from every government in the 
world except your own?” (Laughter.) Mr. Barnes said, 
“Well, I will tell you why. This decoration that you see on 
my left I received by mistake, and I received the others 
because I had that one.”’ (Laughter.) 

Now you know you never tease a man that you do not 
love, and so in teasing Mr. Barnes you know I love him. 

You all know Mr. Barnes best as the President of the 
United States Chamber of Commerce, a man of wide experi- 
ence and knowledge. I am not going to read this list of 
decorations that Mr. Clarke has prepared for me because 
I have expressed my love for him in my teasing story. I 
have the pleasure now of presenting to you Mr. Barnes. 
(Applause.) 

Mr. Junius Barnes: Mr. Schwab, ladies and gentle- 
men: It must be a great thing to arrive at the afternoon of 
life with a long record of ability, which has given leadership 
in a great industry. It must be a great thing to have reached 
that point with such abounding good health and such an 
authenticated record of good times in the past. (Laughter.) 
It must be a great satisfaction then, as the crowning achieve- 
ment of such a career, to be elected the presiding officer of 
such a distinguished gathering, and not to have to part with 
your private fortune in order to attain it. (Laughter.) I am 
sure you know that it is in all sincerity that I congratulate 
you on the selection of your new president and express my 
confidence in the great industry, which he will thus represent. 

You will allow me also as an outsider from your own indus- 
try to express in a few words my personal affection for, and 
appreciation of, the Chairman who has gone on beyond. It 
was my privilege, as President of the Chamber of Commerce 
of the United States, to have held the confidence of President 
Harding and, when your industry was generally misunder- 
stood, accompanied by violent and malignant attacks on a 
man who felt those attacks keenly, your Chairman, to have 


490 AMERICAN IRON AND STEEL INSTITUTE—OCTOBER MEETING 


been able to harmonize them by the action of your own 
Institute, a pledge which has been redeemed in such perfect 
good faith that there is no longer any word of criticism: and 
later only a few weeks before Judge Gary’s death, when 
President Coolidge asked the business interests of America 
to come to the rescue of the flooded districts of the South 
with contributions which would be the basis of credit in 
restoring those inundated farms, I was asked by my asso- 
ciates to present to Judge Gary the request of these men for 
a contribution of $100,000 from that corporation, and I am 
able to tell you that it was with great pleasure and satis- 
faction, that with the courtesy of a gentleman and the 
quickness of decision of a great executive, that request was 
granted. So that you see I have—while not so long a tradi- 
tion of association as those of you who knew him better, I 
have a great regard and great regret. 

When I was asked to speak tonight about the place of 
individualism in international trade I was apalled at the idea 
that I should attempt to present any aspects of international 
trade to men who hold the leadership in the greatest indus- 
try of all those manifold activities of this world; yet I wonder 
if there are not some phases in which I can interest you to 
understand something of the deeper currents that run 
beneath international trade and of the place which American 
individualism should occupy at home and abroad. 

We have here a country 3,000 miles in extent, occupied by 
120,000,000 people of very high living standards and great 
buying power; we are fortunate in a single unit of currency; 
we have freedom for the transportation of credit, capital, 
persons, merchandise, but we have more than everything 
else a concept of government and its proper place in respect 
to the activities of its people so that we have preserved the 
divine stimulation of equal opportunity for the individual, a 
stimulant which makes for confident effort, and accounts for 
the success and the steadiness of our progress. 

That is quite a contrast with the twenty-seven countries 
of Europe, cut by boundaries which are the barriers of trade. 
It is a certain construction of the probable place of America 
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and of Europe in the great world trade that is surely to 
develop, that I want to ask you to think upon tonight. 

We have such a difference of viewpoint from Europe that 
wherever we try to touch Europe in international codpera- 
tion we find conflict; there is conflict of economic concept, 
conflict of political philosophy, conflict of social ideals. 
Remember that in Europe for ten centuries, back to the days 
of feudalism, the people of Europe had been taught to look 
upon authority as the source of all their opportunity, that 
from the days of the feudal lords, authority, displeased, 
Spelled the end of individual progress there. Out of this, 
they have come to look upon government itself as the con- 
troller of all those fields in which rests the opportunity of 
individual effort. 

On the contrary, for two hundred years this country has 
developed in a pioneer spirit; two hundred years after the 
first settlement of America we had a population of only 
5,000,000 people, and 50 per cent. of that population resid- 
ing within 50 miles of tidewater; for two hundred years there 
was small hint of authority laid upon our people, who have 
in that spirit developed a ‘passion for self-reliance, for 
resourcefulness, for self-determination, preserved today as 
the heritage of our people. 

Now when we touch Europe with these differing concepts, 
there is inevitably the need of understanding and sympathy, 
and of patience, if we are to work together. 

Out of this condition in Europe has grown a concept which 
accepts government as the owner and operator of railways, 
telegraphs, telephones, those great arteries which serve all 
industry and which check it always with the lethargy of 
bureaucracy. Out of this concept has grown a labor move- 
ment in Europe, which looks to the government itself and to 
political influence exercised on government to define wages, 
hours of work, disability, old age insurance and even housing 
conditions; while here we ask nothing but the fair oppor- 
tunity of the individual, and a fair wage, a fair share of one’s 
productive capacity and his own initiative in building the 
security of old age, sickness and the security of one’s home. 
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In the development of this intense American individual- 
ism, as the country became more settled, as society became 
more complex, we found a call upon American resourceful- 
ness to re-align the relations of government with the activi- 
ties of its people, and we have done so with truly American 
resourcefulness, energy and initiative. 

A generation ago we found that the railroads, the great 
arteries that serve all the industries of this country, possessed 
within themselves a measure of monopoly, because of the 
exercise of the right of eminent domain by the Government 
itself, which monopoly gave each individual railroad the 
opportunity to govern the efforts-of the individual, of indus- 
try, of the community itself. In the very interest of pre- 
serving the individual opportunity of this country, we 
established and developed the Interstate Commerce Com- 
mission which, with all its mistakes, is today finding itself 
as a regulator in the public interest of our interstate trans- 
portation, yet preserving in the service of transportation the 
same opportunity of success, the same individual enterprise, 
initiative and ability that has attracted energy and ability 
to other industries. 7 

A generation ago we found that industry itself was com- 
ing together in such great masses of power and influence that 
it threatened to swamp the effort of the individual, and in a 
spirit of hopefulness there was established the Federal Trade 
Commission, as the business adviser and protector of smaller 
business. While that body strayed for a time from the path, 
it is coming back to its original high conception as adviser and 
protector of all business. 

Then, in 1907, we found that there had accrued to certain 
great banks undue power and influence, which made all the 
western banks feudal dependatories of these great banking 
leaders. That was not healthy in the preservation of indi- 
vidual effort, and there was established the Federal Reserve 
system, not, as in Europe, with the power and authority of 
government behind it, but a codperative effort which made 
the separate reservoirs of resources, thus combined, them- 
selves the strong governor of credit, which is the life blood 
of industry. 
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In Europe they found no answer to these questions except 
to inject the government into industry. Every man engaged 
in trade and industry there finds government injected into 
business alongside of himself, and it is his natural inquiry as 
to when government itself will also enter his own line of 
trade and thus destroy him. 

In America, it is the security of a great public opinion 
which demands that government shall leave the individual 
alone and only use its great authority to preserve fair play, 
to hold its scales even; that every individual shall find his 
_ place in the business and social structure by his own ability 
and effort. 

These are things that are so hard to equalize in inter- 
national relations. In Europe, it is not only true that labor 
has looked upon government as the means by which it 
demands special privileges, but the employer class has, as a 
whole, also accepted that concept of government. The 
employer class in Europe looks to government, too much, as 
an agency of international trade, particularly by the means 
of flexible tariffs. 

Here again we find a conflict in the conception of a tariff 
which affects all international trade between America and 
Europe. In America, we have the concept of a tariff, framed 
faultily to be sure, but nevertheless in an honest effort to 
make the protective feature of our tariff the measure of the 
difference between our higher wages and _ higher living 
standards and those of our competitors; we have had also a 
concept that once that measure is fixed, it shall be altered 
only with great deliberation and after discussion and warn- 
ing, and that it shall be applied uniformly to all comers, at 
the same rates. 

On the contrary, in Europe there is a concept of using the 
tariff as a bargaining agency for business; that rates shall be 
fixed unduly high in order that they may be bargained lower, 
because of counter-concessions on the other side. This 
introduces at once that sordid play of political influence in 
the government, the influence of one industry to sacrifice 
another; all of those things which we have spent years in 
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America’s progress of individualism and a fair chance, in 
eliminating government from its influence in these channels 
of trade and those agencies which affect it, which we find 
accepted readily in Europe. That is the discouraging feature 
of this event in the last few weeks, in which a great tradi- 
tional friend of ours in Europe, negotiating a treaty with a 
former enemy, automatically raised our rates unduly high 
so that we would enter into negotiations with them for con- 
cessions; and the immorality of it is that in effect they 
answer, ‘‘What we want is lower rates on French silks, 
French stockings and French perfumes and, having attained 
them, you may apply the same rates to any other country 
which makes French perfumes, French silks and French 
stockings. ”’ 

The whole problem of bargaining tariffs as the barrier to 
trade and the necessity to negotiate to correct them leads to 
a double immorality, which has led to some striking instances 
in the past. For instance, in 1902 Germany and Switzerland 
negotiated a treaty for special treatment in low rates on 
Swiss cattle and, in order to avoid, in perfect bad faith, the 
treaty agreements they had with the United States and other 
countries, to apply uniformly their rates on imported cattle, 
this is how far the ingenuity of man had gone: written into an 
official document, mind you, between two great peoples, the 
language of the special law reads: 

“On cattle described as large dapple mountain cattle or 
brown cattle reared at a spot at least 975 feet above sea level 
and having at least one month’s grazing each year at a spot 
at least 2,600 feet above sea level.” 

Is that good faith? 

Then I am reminded, too, that in the same spirit of 
evasion which the bargaining tariff itself creates, that during 
the war the War Trade Board apportioned to Switzerland a 
certain import of cotton on the plea that they had embroidery 
workers whose living depended upon the making of em- 
broidered night gowns for re-export into Germany: the War 
Trade Board’s purpose was to protect our own interests by 
not allowing the re-export into Germany of those things 
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which would aid an enemy prosecution of a war against us, 
and certainly to allow Swiss needle workers to be engaged in 
making the night robes of beleaguered Germany held no 
menace, yet the Secret Service found shortly that the night 
gowns going into Germany were embroidered at the top, to 
be sure, but were thirty-four feet in length and suitable for 
aeroplane wings. 

My point is, gentlemen, that there is a new spirit in the 
world of business today which makes itself felt through public 
opinion upon government itself; there are higher ethics in 
business. Bad faith like that would be frowned upon by 
organizations such as your own, and it becomes us as 
Americans, confident in those things which we have proved 
in this great laboratory of a new country, that straightfor- 
ward dealing and honesty of purpose are component parts of 
healthy trade, domestic or world-wide in extent. 

You say this recent French tariff action is discouraging, 
following a recent economic conference in May, held under 
the League of Nations, in which there was condemnation of 
bargaining tariffs: discouraging, yes, but I recall that four 
years ago in Rome, in 1923, the business men of the world 
assembled there as the International Chamber of Commerce. 
No atmosphere could have been more discouraging than in 
Rome at that time; the Ruhr occupation was most acute, yet 
Rome’s declaration for restored amity has since been realized 
in the Dawes Plan. The assembled business men in Rome 
also then declared that ultimately the currencies of the 
world, upon which trade functions, must seek a gold parity 
relation. That very day a loaf of bread in Berlin was selling 
for 400,000,000 marks. Yet the eternal verities of economic 
law, which business men must learn to know and respect, 
because their very existence depends upon it, were so exempli- 
fied in its resolutions that they formulated the public opinion 
of the world that received and supported the Dawes Com- 
mission and its plan and which has succeeded in restoring, 
manifestly, the stability of Europe. 

Why, there were only two countries in the world at that 
time that had the gold standard, and today they are joined 
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by twenty, while France and Italy for peculiar reasons are 
stabilizing their currency at present at 20 and 25 per cent. of 
a gold parity, nevertheless it is a stable currency and trade 
may function. There are only five countries in the world 
today that have not returned to the gold standard, and four 
of those are in the Balkans, with their trade exposed to all the 
hazards of depreciated and fluctuating currencies, hazards 
which injure or destroy ultimately all enterprise. 

Or the European concept is illustrated in the case of bread. 
Government in Europe defines the rate of extraction in the 
mills, fixes the relationship between flour and the retail price 
of bread, requires the mixture of rye and rice, and a prostrate 
agriculture in Europe parallels the depressed agriculture in 
export countries like ourown. Think of the shortsightedness 
of such a measure. When will the families of Europe, using 
the same house, the same furniture, the same lack of facilities 
that centuries of their fathers have used, reach out and find a 
reasonable balance between spending and thrift; when will 
they learn that to pinch a penny off the loaf is to lose often- 
times a dollar in the day’s wage? I do not know; but it will 
come. I think there are signs of it. One hundred and twenty- 
five million bushels of wheat last year to the Orient spells the 
end of the millet stage in those great populations, for wheat 
bread is the first aspiration of rising living standards. World 
tonnage in volume and dollars in value is showing an increase, 
building the opportunity of 500,000,000 people in the Orient 
to learn what man may aspire to own and use with earning 
power; and with it will go the restored opportunity for 
employment and opportunity of wages and profits for 
300,000,000 of our great market in Europe.. 

In our own country the one black spot in recent years has 
been the position of agriculture in the relative scale. Only 
yesterday the Secretary of Agriculture announced that 
agriculture had now in its pre-war relation reached 92 per 
cent. as its measure of relative buying power, the highest 
since 1920. We have today 20 cent cotton instead of 12 
cent a year ago; we have cattle at the highest price since 
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1920; we have hogs on a profitable basis, and wheat exporting 
at a profit to our farmers. 

I venture to forecast that if we can keep Government out 
of business, if we can Stop agitation for legislative panaceas, 
which of themselves Suppress the initiative that completes 
these remedies by natural law, we shall have restored agri- 
culture here to its fair relation in the world. (Applause.) 

Wherever we touch Europe we find a latent antagonism 
which feels that America’s prosperity is the result of war, 
and the war handicap of Europe. It is not true. 

I make the broad statement that while here and there 
some remnants of war prosperity are left, in a broad way, no 
prosperity is left of all the feverish activity of war stimulation. 

When we look and find that in this country our railroads 
are transporting 46 per cent. more freight with the same per- 
sonnel, is that the result of war? It is the result of American 
ingenuity, resourcefulness, and enterprise. 

When we find the automobile production per worker, 210 
per cent. of the war period, is that the result of war? No, it is 
intelligence applied to the direction and organization of a 
great industry. 

When we find the electrical industry running at 110 per 
cent. increase in production per worker, is that the result of 
war? No, but of the same qualities of American resource- 
fulness applied to industry itself. 

When we find even agriculture, not lending itself to 
machine methods, with 15 per cent. more production than at 
the close of the war with the same personnel on the farms, we 
know that even agriculture uses the American methods of 
increasing production and reducing costs. 

We have learned in America that we can harmonize a 
high wage and buying power with low cost by applying brains 
to industry. No industry stands higher in that channel of 
achievement than your own; and I acknowledge here the debt 
of all American industry to the leadership of the steel indus- 
try in this great movement. (Applause.) 

32 
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Mr. Scuwas: Gentlemen, I am obliged to read at this 
time Mr. Clarke’s memorandum because the list of honors 
that Dr. Virgil Jordan has is so great I could not possibly 
remember them all. He has been Chief Economist of the 
National Industrial Conference Board and has written many 
articles on economic conditions to newspapers and periodicals. 
He is the author of books on national debts, agricultural 
problems of the United States—a list that takes a whole page. 

To look at Doctor Jordan you might think he is a steel 
maker. Without more ado, therefore, I am going to present 
Dr. Virgil Jordan who will address you on Business Prophecy 
and Business Prosperity. 


Mr. Vireit JorpAN: Mr. President, ladies and gentle- 
men: When Mr. Farrell was kind enough to ask me to talk 
to you on this pleasant occasion I am sure he did not realize 
how unpleasant it might be—not for me, to be sure, or I hope 
for you, but for many of my professional colleagues and 
fellow conspirators in this curious business of telling the 
world about business. What I have to say is, if you please, a 
kind of public confession of an economist. It should be good 
for the souls of such of us scientific sinners as have any left, 
but it is long overdue and is bound to be painful. I wish very 
much that someone else had made it sooner, for whether or 
not the past year or so has been healthy and prosperous for 
their customers, it has been an ailing and anxious period for 
the host of economic soothsayers, seers, medicine men and 
other guides to the Truth About Business. They have real- 
ized what many of you business men have known—that there 
is a profound sigh in prophesy. Perhaps they have suffered 
enough and should be left to mend their ways, recognize the 
realities of their job, or turn to more respectable pursuits. 

For the most part, as in many another industry, the pur- 
veyors of business dope and the manufacturers of economic 
wisdom have refused to face the facts and buckle down to 
work. Like other industries, this one was greatly over 
expanded during and after the war—I won’t say that it 
developed any excessive capacity for the term might be mis- 
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~ leading—and it has lately found that the market for its prize 
product, the business cycle, resembles that for the bicycle 
after the automobile came in. But instead of deflating, they 
have sought to stimulate consumer demand by all the old 
tricks of high pressure salesmanship. They have equipped the 
cycle with new kinds of motive power so that the business 
man won’t get tired of riding it and they have added neat 
little coaster brakes to it for the steep hills, and electric head- 
lights to show the road ahead, and horns of many tones to 
warn the business pedestrian. And still finding that business 
prefers to get on in some other way, to ride in high-powered 
vehicles with four wheel brakes for safety, and hydraulic 
Springs and snubbers for comfort, and build better roads for 
smoother and faster travel, they have sought to expand the 
market for the business cycle by applying a kind of instal]- 
ment plan to it, promising to deliver the cycle in small pieces, 
or postpone delivery till later, or inviting you to ride now and 
pay afterwards. In one form or other they have been deter- 
mined that every industry shall have a little business cycle 
in its home. 

But I am afraid that all this effort is about as hopeful as it 
is to try to get the ladies to wear clothes again. Business is 
moving at least as fast as the ladies. The business man who 
rides around on the business cycle and subordinates his 
intelligence, initiative and sound business instinct to the 
fatalistic dogmas of the economic pundits or the statistical 
abracadabra and the mystical hunches of the business dope- 
ster has about as much chance of getting anywhere as the 
girl who drapes her pulchritude in yards of calico and trusts 
to the laws of biology to fulfill her destiny. The business 
eycle and much of its accessory paraphernalia of figures and 
curves are as pertinent in the arts of modern business as the 
hoop skirt and bustle are in the arts of modern love. 

In truth, this business cycle dogma, with its fatalistie con- 
ception of the seven fat years and the seven lean, and of the 
eternal and inevitable periodic recurrence of boom and 
depression, is a relic of barbaric superstition and ignorance, 
like the doctrine of predestination or original sin, just as the 
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idea that whatever goes up must come down, and the higher 
it goes the farther it must fall, and that action-and reaction 
are divinely ordained to be equal and opposite is a survival of 
a bleak age of puritanical morality which made little virtues 
of great necessities. And by the same token the prevalent 
type of business analysis and forecasting, with its mysterious 
and awesome rumble-bumble of graphs and charts and its 
witches’ cauldrons in which masses of meaningless figures are 
stirred into a kind of statistical stew, do not represent real 
progress in knowledge, but are in large part survivals from 
the days of the alchemist, the necromancer, the astrologer 
and the magician, with their palmistry, their philosophers’ 
stone, their love potions and their charms against the evil eye. 
The business magazine that till recently employed an astrolo- 
ger to forecast the stock market, and the band of gypsies that 
not long ago set up shop in Broad Street to read the palms of 
brokers, were only a little more naive and frank and far less 
dangerous than the business and financial dopesters who fill 
our newspapers with their vague and meaningless tittle- 
tattle about business conditions and business opinion, or the 
professorial high priests of the cycle who from their academic 
cloisters of temples of economic research bewilder, worry or 
soothe the business man with their statistical incantations. 
We are fast making a veritable fetish of figures in this coun- 
try. The manufacture of economic moonshine and business 
bunk is becoming a major industry, and unless we soon face 
the fact frankly and try to arrive at some clear idea of what 
we are about in all this blind and feverish activity, I believe 
it will work irreparable injury to the future of sound business 
progress. 

Since the war this mathematical mania has spread over 
the business world and even attacked the general public like 
St. Vitus dance. The press, our periodicals and our public 
speeches are filled with formidable figures about everything 
under the sun, that spring like fairy-tales from heaven knows 
where. We are piling up mountainous mausoleums of dead 
or redundant statistics, of which no one knows the meaning, 
or the use, and concealing our real ignorance beneath an 
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impressive professional patter of business blather and eco- 
nomic hooey that is mere sound and fury, signify nothing. 
All this has bred in the average person’s mind the astonish- 
ing delusion that anything expressed in figures is necessarily 
an exact statement of fact, or that it necessarily has any real 
meaning whatever. And what is worse, the continued high- 
browbeatings to which the academic wiseacres have subjected 
the business man have bullied him into the befuddled feeling 
that he cannot possibly know anything about his own busi- 
ness and that what he does know is all wrong unless he has 
taken the thirty-third degree in the economic masonry or 
hires someone who has. It has opened the public mind to 
abject victimization by the spell of occult arts, the tyranny of 
pseudo-science and the hypnosis of the higher foolishness, and 
it has gradually shaken the confidence of the business man in 
his own business instinct and common sense and crippled his 
independent judgment and initiative. 

It is a hard thing to say of one’s own profession, but I 
Sometimes wonder whether our academic economic science, 
if it can be called a science at all, has ever, or at least in 
recent years, made a single substantial contribution to the 
advancement of industry. Perhaps I had better say, a sin gle 
contribution that can compare with what has been made to 
industrial progress by the instinct, initiative and good judg- 
ment of the thousands of obscure business men, not to men- 
tion the few business leaders, who have built up our industries. 

For the most part we economists have been the camp- 
followers in this victorious march of economic progress. We 
have come along after the battle was over, and invented 
elaborate and comforting explanations of how it all happened, 
to please those who were tired of the struggle and were con- 
tent to rest while the more vigorous and adventurous have 
gone on opening up new territory and winning new victories. 
At best we have been busy fashioning fantastic economic 
monkey wrenches which others have thrown into the busi- 
ness machinery, or used to turn the heads of the nuts with, 
and which we have lately been offering to business men them- 
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selves as an easy and infallible way to unscrew the inscrutible 
in the future of industry. 

If this were not so, I ask myself, how so much sheer non- 
sense could be written and spoken concerning business con- 
ditions and business prospects as has been poured forth in this 
country during the past five years. On the one hand you 
have had a large group of perfectly intelligent and sober 
people, led or abetted by a mob of newspaper cheer leaders, 
raising hosannas and hallelujahs about the “miracle” of 
American prosperity, the marvel of the age and the wonder 
of the world, and talking as if we had discovered some 
Aladdin’s lamp of wealth and were destined to live forever- 
more in effortless ease. On the other hand you have had a 
chorus of professional prophets, who with a kind of joyful 
gloom have been predicting the inevitable and foreordained 
eclipse of prosperity that is due every seven years and have 
been busy selling business men smoked glasses so that they 
could safely watch the sun go out, and rabbits feet and horse 
chestnuts to ward off the rheumatism in the chilly days that 
were bound to follow. What is more astonishing is that lately 
you have had a large number of intelligent business men 
indulging in this kind of holy-rolling themselves, flooding 
their conventions with tears of distress, and complaining that 
the country is so prosperous that business is going to the dogs. 

As regards the business men, they may be left to drown 
in their own tears, but as regards the professional prophets 
who have led them into this way of talking, the case is dif- 
ferent. Certainly a medical profession whose head leeches 
could not decide whether the patient was sick or well, 
whether his temperature was rising or falling, whether he had 
better eat or fast, travel abroad or stay at home, would have 
the decency to shut up shop and go home. Yet can you find 
among the professional pundits of political economy, or their 
lay brethren the business forecasters, any clear or consistent 
diagnosis of the business situation since 1922, any explana- 
tion of the simple, obvious and fundamental fact of the 
decline of prices, any theory as to why industry was appar- 
ently prosperous while agriculture was depressed, or whether 
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installment selling is dangerous, or whether we should go on 
Investing capital abroad or cancel the foreign debts? I have 
had to spend most of my time questioning the oracles on 
these matters, and have lifted the statistical skirts and parted 
the graphical draperies of the scientific sibyls but I cannot 
say the result was impressive. I have gazed long and earn- 
estly upon the bearded ladies of economic wisdom, listened 
eagerly to the wild men from Borneo of Business, had my 
horoscope cast by the Hindus of Harvard, and watched the 
Statistical sword-swallowers do their tricks, but I have found 
that one must seek elsewhere for enlightenment than in these 
side-shows of the great circus of modern business. It would 
be gratuitously cruel to confront them on this occasion with 
some of their forlorn forecasts in 1920 and 1921, or with some 
of the vague, inconsistent, contradictory or noncommittal 
diagnoses of the current situation which are common among 
our bank circulars and statistical services today. Their worst 
fault is not that they say things that prove to be wrong, but 
that they say nothing at all as if it really meant something. 
It is evident the economic oracles do not know, the statistical 
soothsayers cannot tell, for the entrails of their statistical 
sacrifices do not disclose the auspices of the future nor give a 
clear guide to the present or even explain the past. The old 
charms, portents and magic numbers no longer work to reveal 
the purposes of the gods that rule the destinies of our eco- 
nomic life. 

And why? It is not so much because the problems of busi- 
ness and industry have changed, and a new set of gods have 
come in. The real problems of business life are the same 
today, essentially, as they were before the war or before 
Christ. They have only changed their form, grown larger and 
become infinitely more complex. The trouble is that the 
sages and soothsayers have never really understood them at 
all, or have not changed with them. They still think that 
business, and for that matter all of society, is run like a steam 
engine, by smooth and neat little mechanical laws, of which 
their business cycle is the present favorite, and that if it does 
not run smoothly, all one has to do is to get out the appro- 
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priate monkey wrench and turn a screw here and there, or add 
a governor and watch the pressure gauge and all will be well 
—once the proper bill passes Congress. They have forgotten 
what every business man knows, that though business may 
be a very fine machine, it is run, like all the rest of life, by an 
exceedingly volatile and mysterious fuel that we call human 
nature, with all of its foibles, fancies, fashions and follies, and 
with all its amazing intelligence and resourcefulness and its 
boundless creative energy. They fail to realize what every 
true business man knows by instinct, that business is no 
boldly calculated science, but an art, or, if you please, a gift, 
in which the incalculable creativeness of the genius, and the 
brilliancy of the virtuoso play as important a part as the 
finished skill of the craftsman or the humdrum perform- 
ance of the hack. Above all, they appear unable to see 
that there is at least as much, or no less, reason to expect it to 
move in a fairly straight line, or to keep going up, as there is 
to suppose that it is doomed to be forever running around in 
circles. The one is surely as characteristic of human nature 
as the other, and what is more characteristic of it than any- 
thing else is that it is always changing and never quite what 
you expect it to be or think it ought to be. But then, econo- 
mists and statisticians are not ordinary mortals and must not 
be expected to understand human nature. They do not sub- 
sist upon ordinary food, nor amuse themselves in ordinary 
ways, nor move among the common herd. They live on The 
Average, that arithmetical ambrosia secreted by statistical 
busy bees; they are absorbed in that mysterious exercise 
called The Long Run; and reside in that remote state of 
Other Things Being Equal. 

Now, gentlemen, these harsh words must not be taken to 
mean that the ups and downs of business life have been elimi- 
nated and permanent and easy prosperity assured. Nor do 
they mean that our business system can avoid these fluctu- 
ations, or even get along at all under present-day conditions 
without comprehensive, current, pertinent and _ scientific 
information by which to guide its policies. They are intended 
only as admonitions to the now so popular sect of statisticians 
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and economists, and to the business men and industries they 
are supposed to serve and who are now so much at their 
mercy, to regard their work a little more conscientiously and 
modestly and far less pretentiously and seriously. Fluctu- 
ations in industry and trade will no doubt continue so long as 
business is alive, vigorous and growing and so long as it 
involves the habits, customs, whims, and the initiative, vision 
and creative energy of greater and greater groups of humans. 
Indeed, the greater the groups brought within its network, 
and the more specialized, highly organized and interrelated 
the business system becomes, the more important and serious 
these fluctuations are likely to be. But there is not an iota of 
reasonable evidence that they are foreordained by some 
natural or divine law, or by any inherent characteristics of our 
business system, to recur inevitably at fixed periodical inter- 
vals. They are not even the inevitable accompaniments of 
changes in our methods of production and trade. They are 
essentially the product of the superstition and ignorance of 
business men about these very changes, and of the lack of 
both organized control of them and flexible adjustment to 
them in the business community. 

And for these things three factors are primarily respon- 
sible: First, the unwarrantable scientific pretension of econo- 
mist and statistician today in leading the business public to 
believe that he has some sufficient, certified and superior 
scientific knowledge of business conditions, and his plain 
nerve in passing out half-baked theories, broad generaliza- 
tions, vague guesses, wild estimates or mere personal opinion 
as obsolute, accurate truth. Second, the gullibility of the 
business man himself in believing that he has an adequate 
basis for guidance of business policy in the statistical informa- 
tion, the hearsay or the mere moonshine now available to 
him, his timidity about trying to get something better, and 
his inertia in applying what he does know in any effective or 
organized way. Third, our public policy toward the assem- 
bly and use of business information, and toward business 
coéperation in making our business system more flexibly 
adjustable and intelligently controlled—a public policy 
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which is not only out of date and out of relation to the current 
conditions of business life, but is a serious obstacle to the 
achievement of greater business stability and general 
prosperity. ; 

If I had the time, and you the patience, I could say a great 
deal about each of these factors. But my purpose tonight is 
chiefly to emphasize their importance in the whole question 
of our business stability and prosperity today. Since 1922, 
despite the Volstead Act, the whole country, and many of its 
sober business men and faithful public officials have become 
alternately intoxicated with the idea of our unprecedented 
and permanent prosperity and oppressed by the prospective 
Katzenjammer of collapse. Travellers from Europe, where 
people are more temperate and should know better, after a 
round of our big cities have staggered home under the influ- 
ence of this new American intoxicant, and written wonderful 
little fairy-tales about it all. But this idea was home-brewed 
in the statistical stills of the bootleg economist, and it is no 
wonder that where business men have indulged in it too freely 
they look forward with foreboding to the morning after. 

The fact is, the prosperity of the past five years, though 
abundant and real, has not been in any way miraculous or 
beyond what might be expected of a nation in our position; 
it has not been by any means universal or perfect; and there 
is no inherent reason for believing either that by special dis- 
pensation it will last forever or that according to a fatal pre- 
destination it will collapse tomorrow. If you look only at 
those things which reflect the changing habits of American 
life, such as the issue of new domestic and foreign securities, 
the volume of trading on the exchanges, building permits in 
the larger cities, real estate transfers, new incorporations, 
stock prices, automobile and gascline production, cigarette 
and silk consumption, diamond sales, insurance written, and 
so on, you will share in the chronic ‘“‘amazement”’ from which 
the newspaper and bank circular writers have suffered at the 
“astounding” picture therein revealed of our “staggering” 
economic progress since 1922. But except in respect to the 
frills and the newspaper language, the past five years have 
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not been an old-fashioned boom or inflation period, if we 
ignore the stock market and look at business as a whole and 
include agriculture in the reckoning. When changes in the 
value of the dollar are allowed for, the growth of production 
and trade in these years has proceeded at little, if any, more 
than the steady rate that has characterized our economic 
progress during the past fifty years , despite wars and political 
or financial upheavals. In urban centers wages have been 
relatively high and stable, employment good, and the neces- 
saries of life cheap for most workers. Most, though by no 
means all, lines of industry and trade have been active, with 
a large volume of business, but prices of staple commodities 
have been gradually forced down by expanding production 
and active competition, while wages have remained high. In 
consequence profit margins have on the whole been narrow, 
and there has been constant pressure for economies in pro- 
duction and for the avoidance of slack or waste in every field. 
These, among other features of the business situation, are not 
characteristic of boom periods, so that those who have 
regarded the situation since 1922 as an old-fashioned boom 
and are therefore looking for the traditional sequels of slump 
and depression may well be disappointed. 

The decline in some lines of production since the spring of 
this year is to be interpreted, I think, in a similar way. 
Through the whole five year period since 1922 there has been 
a constant shifting of activity from one field to another as 
consumer demand has changed. Profits in some lines, or in 
individual concerns in each line, have increased while in 
others they have fallen off. The little fellows in most fields 
have had a hard time of it, while the big ones have gotten 
along pretty well. Iron and steel, machinery, automobiles 
and building have gone ahead while the textiles, leather, 
shoe and food industries lagged behind with agriculture; 
then the arrangement has been somewhat reversed. But if 
there were any way of getting an over-all picture of the situ- 
ation instead of judging merely by a few fixed indicators, it 
would probably show little more than the normal expansion 
of the country’s general business. If there is any boom in the 
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picture at all, it is ahead of us and not behind us; but even 
on this point it is easy to be misled by following old formulas 
in reading the business horoscope. 

The prophets who have been thinking and talking of all 
this period in the old stereotyped terms of boom and depres- 
sion, or action and reaction have, I feel, missed its really 
important features: the rapid and extensive changes that 
have taken place in the methods and organizations of Ameri- 
can industry and trade, and the increased flexibility in our 
whole business and industrial system which have enabled it 
to adjust itself more smoothly to these changes than ever 
before. In so far as American business can be said to have 
become more stable, its stability is of this dynamic kind: a 
process of rapid change with flexible and elastic adjustment. 

In the first place, we are all by now familiar with the fact 
that rapid changes in productive methods and organization in 
American industry since the war have resulted in a tremen- 
dous increase in its productive efficiency. This has been 
partly the result of increased use of power and machinery and 
partly of changes in organization of production and trade. 
This increase of productive power, however, would not be 
significant in itself and might be very disturbing were it not 
for a number of circumstances which have combined to make 
it a factor of stability. The secret of American prosperity is 
not merely mass production or mechanization. It lies in the 
fact that along with these we have developed a flexible, elastic 
and mobile productive system, as a result of our abundance 
of liquid capital, our relatively small, increasingly flexible 
labor force, our wide market of high purchasing power 
and free from rigid class lines restricting consumption habits, 
and our mobile-minded and adaptable business and indus- 
trial management. 

Through the easy and convenient forms of investment for 
the smaller investor that have developed since the war, 
American industry has had at its command a vast reservoir 
of liquid capital which has even made it possible for it to 
dispense with a good deal of banking credit that used to be 
necessary. At the same time the restriction of immigration 
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and the increased application of machinery and power have 
helped to dissolve the rigid lines of craft unionism and to 
weaken the force of restrictive union policies. The excess 
labor force released from the older industries has been spread 
over a series of new ones reflecting changing standards of 
living. In these ways the labor force in American industry has 
become specialized, mobile and cooperative. These changes 
have favored, moreover, a more elastic and flexible type of 
industrial relationship, free from rigid labor or employer 
organization or policies. The general spirit of industrial rela- 
tions since the war has been one of flexible adjustment, free 
from the extreme rigidity of class ideas which has charac- 
terized European labor conditions. This capital and labor, 
with the aid of advanced technical knowledge, are now under 
the direction of a new type of highly flexible and aggressive 
business management, more generalized, broadly profes- 
sional and creative in its outlook, more institutional and 
social in its attitude toward the problems of production and 
of industrial and public relations than before the war, and 
less bound by traditions of production, marketing and finance. 
The result is an industrial organization not only highly pro- 
ductive but highly adaptable and able to shift its efforts more 
easily than ever before to meet changing market conditions. 

These changes have gone along with a more or less con- 
scious acceptance of an industrial and social policy of the 
greatest possible equality in distribution of wealth and 
income. American business men have come to realize the 
importance of a wide domestic market for a productive 
industrial organization. The wide offering and purchase of 
industrial securities suited to the worker and small saver 
have not only given a large number a direct stake in the 
stability of business enterprises but enabled them to add to 
their wage income a share in its profits, and thus increased 
the purchasing power of the general public. These factors 
together with the absence of those class customs and tradi- 
tions of consumption which restrict standards of living in 
Europe, have given to the productive American industrial 
system a market wide, flexible, open to every influence and 
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of great absorbing power, without which all of our efficiency 
would have been in vain. 

Finally, the productive organization and the consumer 
market have been brought into closer coérdination by the 
wide use of consumer credit through installment buying; by 
the consolidation of business interests which have developed 
new types of large scale enterprise of the greatest flexibility, 
with fluid capital resources and varied managerial talent that 
enable it to shift and diversify its interests quickly and widely; 
by the development of trade associations which combine the 
advantages of the leadership and initiative of individual busi- 
ness personalities with those of codperation and intelligent, 
informed, mutual adjustment of competing business interests; 
by wider collection and use of business information by the 
larger corporations and trade associations; by the growth of 
small-order, regularized buying; by chain store distribution, 
direct selling by manufacturers and syndicate buying by 
retailers. In these ways, and with the greater efficiency of 
distribution and communication, the business turnover has 
been speeded up, the accumulation of large stocks and inven- 
tories and speculation in commodities have been discouraged 
in the face of falling price levels, losses due to depreciation in 
the values of materials in stocks of manufactured goods have 
been reduced, the dangers of general liquidation in com- 
modities markets under falling prices have been diminished, 
the need for ordinary commercial credit has been greatly 
decreased, and bank resources have been released to provide 
a larger fund of liquid capital for investment in new types of 
production, in construction, in public utilities and in public 
works. All of these changes have been facilitated and safe- 
guarded by the presence and effective functioning of the 
Federal Reserve System which have made our credit re- 
sources more elastic and responsive to the rapidly changing 
needs of a live, growing country. 

Though in all these ways the flexibility, elasticity and 
quick adaptability of the business system have been greatly 
increased, we cannot safely count on avoiding stresses, strains 
and breakdowns in it, or wobbles in its smooth course of 
progress, without a much greater extension of intelligent and 
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well-informed control over it by business men themselves. 
If business is to be stabilized and yet remain alive and grow- 
ing, it must be accomplished from within and be based upon 
the intelligent self-interest and practical judgment of business 
itself. It is vitally important, therefore, that American busi- 
ness men should emancipate themselves from the hypnotic 
spell of the statistical sleight-of-hand artist and the eco- 
nomic moonshiner, recover their reliance and confidence in 
their original business instinct, intelligence and initiative, 
and scrutinize with a realistic eye and in the light of their 
practical experience such genuine and scientific information 
and interpretation as the economist and statistician can give 
them for the guidance of their business policies. They must 
learn and be more free to assemble and use the kind of infor- 
mation on conditions in their own and other fields of industry 
and trade upon which they can rely and which they can 
effectively apply for adjustment and control of business 
movements. 

In no aspect of the current business situation is the danger 
of rigid public policy more serious than in regard to the col- 
lection and use of business information. The assembly and 
intelligent application of statistics of production and trade 
have doubtless been among the most important factors in 
stabilizing business since the war, and this we owe not to the - 
independent business man, the economist or statistician, or 
to research agencies, or the government, but chiefly to the 
work of the larger corporations and of trade associations, of 
which the Iron and Steel Institute affords such an excellent 
example. To be of any real use in stabilizing business, such 
information must be immediate, continuous, detailed, con- 
crete and pertinent—not a mere broth of general statistics. 
The government can render a service to the public at large 
and to many small business men by collecting, combining, 
and publishing general business data as a matter of historical 
record; but if business is to depend upon such vague and 
generalized information as the dilatory, rigid and often ill- 
informed machinery of government can assemble, or is to be 
compelled to have its vital information sterilized or “fire- 
proofed” under government supervision before it can be used, 
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then its value in promoting business stability will be nil. No 
machinery of government is flexible, quick, comprehensive or 
interested enough to meet the needs of modern business in 
this regard. We need better business information, but only 
business can provide it for itself through collective action. 

In general, it is vitally necessary that the business com- 
munity and that now means a large part of the public, must 
realize the importance of increasing the flexibility and self- 
control of the business machine, and of resisting every exter- 
nal influence, political or otherwise, which would arbitrarily 
mold it into rigid forms and diminish its elasticity of adjust- 
ment to change. Particularly must we resist any effort to fix 
industrial relationships or consumer habits and tastes in rigid 
molds, or to reduce the elasticity of our credit resources 
which we have lately won through our Federal Reserve 
System by confining its policies within arbitrary rules, or 
burdening it with quixotic obligations.such as the stabiliza- 
tion of the general price level. Only so far as we keep on grow- 
ing and changing can we be prosperous, and only so far as we 
preserve the power of flexible adjustment of growth and 
change can business be stable. 

In all this we must remember that at bottom there is no 
supreme virtue in either stability or prosperity. What we 
seek through both is more abundant life, and what we want, 
in trying to avoid the destructive and wasteful peaks and 
valleys of boom and depression in our business life, is not the 
stability of stagnation, of effortless ease or of endless repeti- 
tion, but the dynamic, creative stability of swift, elastic, 
flexible and steadily controlled progress. We have had a 
glimpse of it, I believe, since 1922, and can see more of it if 
we want to, but to achieve it fully we shall require more 
honesty and modesty and less bunk and pretension from our 
economists, and more pertinent information, more clear and 
cool-headed thinking and more effective organization and 
control in the business community. 


Mr. Scuwas: The business and the banquet programs 
are now closed. Good-night and God bless you all. 
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Wood, F. W. 
Wood, John T. 
*Woods, John E. 
*Woodworth, C. B. 
*Woody, Walton L. 
Woolley, C. M. 
Worth, E. H. 
Worth, W. A. 
Worton, S. G. 
*Wright, George 
Wright, J. D. 
Wright, William H. 
*Wyzalek, John 
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*Yenger, William C. 
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*Zimmerman, E. H. 


PARTICIPANTS—OCTOBER 
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Abel, A. E. 
Adams, A. C. 
Adams, E. M. 
Adams, F 

*Adams, Homer 

*Adams, A pee 

*Adams, Thomas 

*Adams, W. E. 

*Adamson, J. A. 
Adamson, W. J. 

*Aertsen, Guilleam 
Affleck, B. F 
Agnew, John D. 
Ahlbrandt, G. F. 
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Allderdice, Taylor 
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Allen, J. P. 

*Allen, John H. 

*Allen, P. B. 

*Allen, T. H. C. 
Allen, W. L. 
Alley, James C. 

*Alley, William R. 
Allyn, A. W. 

*Alpaugh, E. R. 

*Alvarez, C. N. 

*Andersen, M. 
Anderson, Nils 
Anderson, J. U 
Andrews, J. I. 

*Anson, 8S. M. 
Armstrong, V. C. 

*Arnold, F. J. 
Arnold, L. L. 

*Ashley, J. L. 
Atwater, C. G. 

*Aufiero, R. A. 
Austin, H. L. 

*Austin, Nathaniel 
Austin, W. H. A. 


Baackes, F. 


Bachelder, Walter F. 


Bacon, Charles C. 
*Bacon, J. Frank 
Badlam, See 
*Bagaeff, N. Z. 
*Bahr, H. T. 
Baily, T. F. 
Baker, Hugh J. 
Baker, Orrin H, 
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Baldwin, C. Kemble 
Baldwin, H. G 
Baldwin, R. L. 
Balkwill, George W. 
Baltzell, Will H. 
*Bancker, dW 
*Bancker, Vik. 
*Banker, L. G. 
Banks, A. F. 
*Barbour, James W. 
*Bardo, C. L. 
*Barker, Albert E. 
*Barkley, D. A. 
*Barnes, Julius 
*Barnum, G. S. 
*Barnum, J. P. 
*Barnum, Starr H. 
Barren, H. A. 
Barrett, D. A. 
Bartlett, Lyman 
Bascom, Joseph D. 
*Bash, S. M. 
Batchelor, E. D. 
Bath, Edward M. 
Batteiger, Heed be 
*Bauer, E. K. 
*Baur, Charles 8. 
*Baxter, He A: 
Bayley, Guy D. 
*Beaman, P. Alden 
*Beaton, HH. D. 
*Beatty, F. A. 
Beatty, R. J. 
Becker, Joseph 
*Becker, Luther 
*Becket, F. M. 
*Beegle, Csi, 
*Beeman, M. A. 
Beemer, Frank 
Beeson, C. E. 
*Behrer, A.M. 
Belknap, Robert E. 
Bell, F. 
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*Bell, J. G. 
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*Berry, S. E. 
Biggert, C. F. 
*Bindley, A. 
*Bar, Gln. 
*Black, C. R., Jr. 
*Black, E. J. 
*Black, J. B. 
Blackmer, C. F. 
*Blake, Thomas 
Blakeley, G. H. 
*Blaustein, Louis 
*Blauvelt, Warren S. 
Blessing, Edgar F. 
Block, L. E. 
Block, P. D. 
Blowers, William B. 
Blum, Julius 
Bode, J. H. 
*Boeker, O. F. G. 
*Boley, Ernest W. 
Boley, Ernst 
*Bolton, Newell C. 
Bonner, James B. 
*Bonthron, J. A. 
*Booth, H. C. 
Booth, Lloyd 
*Booth, Ni? 
*Bossler, GOR. 
Bothwell, Walter J. 
*Bourke, TN, 


Boutwell, Roland H. 


Boutwell, R. M. 
Bowers, E. C. 
*Boyd, James 
Boy nton, As. 
Brace, Maxwell 
Bradley, Carl D. 
*Bradley, Francis 
_ Bradley, H.S 
*Brandeis, Eugene 
Brandler, C C.F. 
*Branston, Gen 
Brassert, H. A. 
*Breithaupt A. 
*Bretland, 
*Brinkerhoff, Ww. Je 
Brion, Lester 
Brokenshire, E. L. 
*Bron, Saul G. 
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*Brookes, J. 8. 
Brooks, Chester K. 
Brotherton, F. C. 
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Brown, Alexander C. 
*Brown, ; 
*Brown, Earle W. 

Brown, Fayette 
*Brown, G. 8. 
*Brown, Harold 
*Brown, L. S. 
*Brown, William J. 


*Buckwalter, L. H. 
Budd, R. B. 
Buell, James A. 
Buffington, D. T. 
Buffington, E. J. 

Bull, F. C. 

*Bullen, J. H. 

*Burgess, C. P. 

*Burnett, Lucien 

*Burnett, L. D. 
Burnett, L. H. 
Burton, Carroll 

*Burwell, W. R. 
Butler, Gilbert 
Butler, Patrick 


*Buttenheim, Harold S. 


Caldwell, W. B. 
*Cameron, Alex 
*Cameron, G. H. 

Campbell, James A. 

Campbell, Robert 

Campbell, Robert D. 

Canda, Abeel 
*Candlin, W. 

Cannon, R. A. 
*Cantley, W. I. 
*Capen, D. A. 

Carney, F. D. 
*Carpenter, Ralph W. 
*Carpenter, W. T. C. 
*Carrel, F. G. 

Carroll, Walter C. 
*Carroll, W. J. 

Carruthers, J. G. 

Carse, David B. 
*Carse, Donald R. 

Carse, John B. 


Carson, George C., Jr.” 


Carson, Harry D. 
*Carter, Robert S. 

Casey, Francis Y. 
*Casey, John F. 

Casey, J. S. 
*Casterton, J. W. 


*Castle, A. C. 
*Caterson, Edward 
*Caudill, C. C. 
Cebrat, Paul 
Chamberlin, Charles E. 
*Chamberlin, Willard C. 
*Chambers, C. E. 
*Chambers, James A. 
*Champ, W. B. 
Champion, D. J. 
*Chandler, H. T. 
*Chandler, John C. 
*Chapman, Alexander 
*Chapman, H. 
*Charles, J. G. 
Charls, George H. 
Cherry, C. A. 
Christian, A. W. 
*Christie, R. E. 
Chrystie, Percival 
*Church, W. D 
Clack, C.-T. 
*Clapp, R. H. 
Clarage, Arthur T. 
*Clark, Charles S. 
Clark, D. G. 
Clark, Edward F. 
* Clark, He Ee 
eClarks Joo Ac 
*Clark, James T., Jr. 
Clark, Milton T. 
Clark, R. W. 
Clarke, C. E. F. 
Clarke, E. A. S. 
*Claster, Joel 
*Claussen, J. A. 
*Cleary, W. B. 
*Clebourne, BE. C. 
*Clements, B. A. 


Coffin, William C. 

Colladay, Frank H. 
*Colling, A. F. 

Collins, C. A. 
*Condit, E. A., Jr. 
*Cone, Edwin F. 


*Cook, S. H 
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Coons, Perry T. 
Cooper, 8S. G. 
Cooper, S. M. 
Cordes, Frank 

*Cordner, Mr. 
Corey, A. A., Jr. 

*Corey, E. P. 
Cornelius, Henry R. 
Cornelius, William A. 

*Corrigan, F. S. 
Cort, Stewart J. 

*Cotsifas, D. D. 

*Cotter, A. 

*Cotter, W. E. 
Cowdrey, J. E. 
Cox, John L. 

Cox, W. Rowland 
Cox, Walter S. 

*Craig, Horatio 
Craig, S. N. 

*Craig, W. W. 
Crawford, George G. 


_*Crawford, H. C. 


*Crawford, J. A. 
*Crawford, J. E. 
Creighton, L. E. 
Crispin, M. Jackson 
*Critchett, J. H. 
Crocker, George A., Jr. 
Crosby, Fred B. 
Crowley, Dennis, Jr. 
Cueman, J. Bently 
Cunningham, Wilf. H. 
*Curl iis C. 
*Curk, L. C. 
*Curley, J. F. 
*Curran, M. D. 
Custer, L. R. 
Cutler, W. C. 


*Dalsen, Joseph N. 
Dalton, H. G. 
*Dalton, John L. 
Damerel, George 
Danforth, A. E. 
Danforth, George L. 
*Daniels, C. F. 
Darby, J. D. 
*Darlington, Thomas 
*Dauchy, T. H. 
*Dauler, H. N. 
Davey, Samuel 
Davey, W. H. 
Davie, G. F. 
Davies, Albert P. 
Davies, G. C. 
*Davis, Carl 
*Davis, Charles A. 
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Davis, Harry J. 
*Davis, J. M 
*Davis, R. H. 
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*Denholm, John A. 
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*Denneny, George 
Dennis, M.S 


even, Genius Ww. 
jo Ate Hubert 
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*Dolan, P. FP. 
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*Doyle, T. C. 


*Driscoll, Frank E. 
Driver, F. L., Jr. 
Duttield, A. T 

*Duley, W. H. 

*Dunean, J. M, 

*Dunlavy, C, Arthur 

*Dunn, BE. 

*Dunning, BE. EB. 
Dunsford, Jan R, 


“Earl, W. HL, 


_Bdwands, Gordon L. 
Egbert, Justus 
*Egler, N, 


“Emory, J. B. 
“English, Hunt 
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Entwisle, BE. B. 
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“Evans, ‘T. R. 
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Ferbert, A. H, 
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Fisher, F. A. 
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*Fitagerald, M,C, 
Fleming, James 

*Fleming, R. D, 
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Foote, F, 
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Howell, Walter 

Howland, Wm. L, Jr. 

Hoyt, Elton, 2nd 
*Hufiard, J. B. 
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Hunt, A. Ellis 
*Hunt, J. 8. 
Hurlburt, William G. 
Huston, A. F 
*Huston, C. H. 
Huston, Frank R. 
*Huston, Norman 
aby ‘ini, 
Hyatt, oy 


Igoe, Andrew J. 
“Igoe, James J. 

oe, Joseph F. 
Igoe, Peter 
Ilgenfritz, C. A. 
*Ihg, E. S. 
*Ingalls, G. H. 
‘Ingalls, Robert I., Jr. 
Ingalls, R. L., Sr. 
Ingals, W. F. 
*Inscho, J. J. 
*Ireland, J. Morris 
Irvin, W. A. 
Isham, Phillips 
Isley, G. H. 
Ives, 'L.E. 


Jackman, D. E. 
*Jackson, F. M. 
*Jacobs, David B. 

James, E. G. 

James, Henry L. 
*James, M. 8. 

Jay, John C. 
*Jennings, J.E. 

Jennings, Robt. E., 2nd 

Jenson, K. R. . 
*Johndrow, A. 

Johnson, A. R. 
*Johnson, B. W. 

Johnson, Horace 

*Johnson, J. D., Jr. 

Johnson, FoF. 

Johnson, M. E. 

Johnson, Percival 
*Johnson, T. M. 

Johnston, C. T. 

Johnston, John 

Johnston, L. M. 
*Jones, Edwin A. 
*Jones, Frank H. 
*Jones, Frank W. 

Jones, George W. 

Jones, Ira O. 

Jones. J. M. 
*Jones, James O. 
*Jones, Lee 
*Jones, Lloyd 

Jones, L. J. 
*Jones, Noble 

Jones, Wm. Larimer, Jr. 

Jones, Wm. 8. 
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‘Jordan, F. S. 
*Jordan, V irgil 
Joseph, J. G. 
*Joseph, T. L. 


*Kahil, A. 
*Kahn, Gustave 
Kalman, P. J. 

*Kann, R. C. 
*Katz, E. H. 
*Kauffman, E. J. 
*Kay, L 
*Kearns, H. 
*Keating, E. F. 
*Keating, Linus 
Keefe, J. 8. 
Keeney, R. M. 
*Kelley, A. B. 
*Kelley, C. L. 
*Kelley, G. L 
Kelly, C. D. 
*Kelly, C. E. 
Kelly, M. B. 
Kelly, N. A. 
*Kelly, T. F. 


Ker, Severn ee 
Ker, Severn P., Jr. 
*Kerber, William 
*Kerlin, Ward D. 
Kerr, D. G. 
*Kessler, G. A. 
*Kevan, i Ww. 
*Kibler, Wate 
*Kidd, W. S., Jr. 
Kilgore, Robert M. 


*Kint ner, S. M. 


Kirby, W. J. 
Kirk, Robert C. 
*Kirk, § B. 


*Kirkpatrick, H. B. 
*Kissam, W. H. 
Klein, 7. C. 
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*Knotts, George W. 
*Knowles, Peter 
*Koch, Herman L. 
*Kohda, H. 


Korndorff, riboy H. 
*Kracke, F. IH 
Krantz, J. A. 
Kranz, W. G. 
*Kreutzberg, E. C. 
*Krone, Charles F. 
*Kuha, W. R. 
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*Leonori, William H. 
*Levy, Mandel 
Lewis, H. E. 
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Lewis, R. A. 
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*Lindsay, F. V. 
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*Mossman, Paul B. 
*Mostyn, James F. 
*Motherwell, A. A. 
*Moul, A. G. 
*Moyer, F. H. 
Mozier, M. L. 
Muller, W. F. 
*Mulqueen, F. J. 
Mundle, A. C. 
Murray, J. B. 
Myers, H. C. 
Myers, P. A. 


Near, W. W. 
Neave, A. A. 
Nelson, A. A. 
Nesbitt, R. H. 
Nessle, J. B. 
Neudoerfer, John L. 
Newcomb, C. H. 
Newman, R. K. 
Newton, H. B. 
Newton, P. A. 
Nicholas, R. 
Nichols, M. 
*Nichols, W. H. 
Nichols, W. W. 
Nicholson, J. H. 
*Niederwiesen, R. E. 
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Nieman, C. J. 
Nimick, T. Howe 
*Niven, E. A. 
Nivisen, Robert E. 
Noland, Lloyd 
*Norcross, Carl 
*Norris, Alfred E. 
*Norris, Frank P. 
Norris, George L. 
*Northrup, D. W. 
Norton, Frank L. 
*Nulsen, John C. 


*Oberg, W. C. 
O’Bleness, H. M. 
*©’Brien, I. J. 
Ogden, F. A. 
*Ogden, L. BE. 
*Ogden, W. B. 
TOnl Ris. 
Oleott, W. J. 
Oliver, W. H. 
*Onstott, Hiley H. 
Oppenheimer, A. M. 
Orrok, George 
O'Shea, B. 
. Osler, J. T. 
*Outwater, H. T. 
*Owen, Charles A. 


Paddock, L. A. 
*Padgett, Joseph E. 


* 


Nields, Benjamin, Jr. 


Palmer, William P. 
Pargny, E. W. 
*Park, Earl S. 
Park, Laird U. 
Parker, J. A: 
Parrish, Frank 
*Passmore, G. A. 
*Patterson, J. W. 
Patterson, P. C. 
Patterson, Thomas 
*Paull, Lee C 


Pfeiff, L. 
*Pfeltz, A. R. 
*Phillips, Arthur 

Phillips, S. M. 
*Phillips, W. W. 

Phillipson, B. F. 

Pilling, G. P. 

Pinkney, C. C. 

Piper, Arthur E. 

Plant, W. J. 
*Plautt, Milton 

Pleasance, H. H. 

Poister, R. S. 

Porter, Ralph B. 
*Porter, R. W. 
*Potter, E. A., Jr. 
*Potter, H. T. 
*Pottse,. Re 

Pouch, W. H. 
*Poucher, R. B. 
*Poxson, C. A. 
*Prendergast, W. E. 
*Price, D. E. 
*Price, J. 

Price, J. M. 
Priestley, W. J. 
Pritg, L. G. 
*Proudfoot, C. 8. 
*Pugh, John D. 
*Pumphrey, E. D. 
Purnell, Frank 


Queneau, A. L. 
Quinn, Clement K. 


*Radcliffe, Lloyd G. 
*Rader, A. F. 


*Raleigh, C. J. 
*Ralston, A. L. 
Ramage, William H. 
*Ramsay, A. J. 
Ramsburg, C. J. 
*Ramsey, George 
*Rauh, F. H. 
*Raum, Edwin 
Rawstorne, C. D. 
Raymond, Henry A. 
*Reason, E. L. 
Reed, Walter S. 
Rees, Charles 
Reese, J 
Reese, P. P. 
Reeves, Samuel J. 
*Reid, Carl 
*Reid, James S. 
*Reid, John W. 
Reilly, E. J. 
Reilly, W. C. 
Reis, L. C. 
Replogle, J. Leonard 
*Resor, J. E. 
Reynders, John V. W. 
Reynolds, T. 8. 
Rhodes, C. H. 
Rhodes, George P. 
*Rice, N. M. 
Rich, W. G. 
Richards, F. B. 
*Richards, George M. 
*Richardson, Ernest 
*Richardson, H. C. 
*Richardson, H. E. 
*Riddell, John F., Jr. 
Riddle, L. E. 
Rider, R. 8. 
Ridgway, William H. 
*Riegger, C. P 
*Riley, J. L. 
*Risden, J. W. 
*Roach, W. O. 
Robbins, F. A. 
Roberts, W. F. 
*Robinson, Arthur R. 
Robinson, C. §S. 
*Robinson, Dwight P. 
Robinson, H. E. 
*Robinson, R. H. M. 
Robinson, T. W. 
*Robinson, W. B. 
*Roche, W. T. 
Rockwell, L. D. 
Roemer, Henry A. 
Roesch, J. A., Jr. 
*Root. Hea. 
Rose, Floyd 
Rosenkranz, Max 
*Roser, C. G 
Routh, G. E. 
*Rowe, H. E. 
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Rugg, D. M. 
Rumney, John G. 
*Runyon, Robert E. 
*Rushmore, George C. 
*Russell, A. G. 
Russell, N. F. S. 
Russell, T. D. 

Rust, H. B. 

Rust, Robert R. 
Rust, S.M. - 


*Sager, F. W. 
*Saklatwalla, B. D. 
*Sanger, H. H. 
*Santry, Joseph 
Satterthwaite, George 
*Sawyer, F. K. 
Sawyer, Harry N. 
*Saxman, M. W. 
*Saxman, M. W., Jr. 
*Scammell, F. A. 


*Scandreth, Richard B. 


Schaefer, Philip 
*Schaeffer, William E. 
Schaff, F. A. 
Schiller, William B. 
*Schlacks, R. J. 
Schleiter, W. F. 
Schmid, Martin 
*Schneider, F., Jr. 
*Scholl, Joseph 
*Schoonmaker, A. 
Schwab, Charles M. 
*Schwindt, H. J. 
Scofield, C. E. 
Scott, G. C. 
*Scott, Rumsey W. 
Scott, W. W., Jr. 
Scullin, Harry 
*Seale, E. M. 
Seaver, Kenneth 
Seene, J. W 
*Seeton, George W. 
Shallock, E. W. 
*Shaner, E. L. 
*Shannon, R. W. 
Shants, G. T. 
*Shea, E. L. 
*Shearer, James 
*Shears, S. F. 
Sheldon, Samuel B. 
*Shepherd, J. C. 


*Sherbrooke, Walter A. 


Sheridan, Richard 
Shick, F. A. _ 
*Shillady, William 


Shiras, MacGilvray 
Shoffstall, A. S. 
Sias, John M. 
*Sieber, D. R. 
*Siegrist, W. C. 
‘Simonds, H. R. 
*Simonson, A. V. 
*Simpers, T. E. 
*Simpson, K. M. 
Simson, G. F. 
Sinelair, Duncan G. 
*Sinnott, W. C. 
*Sippel, W. V. 
*Siragusa, A. 
Sites, F. R. 
Skinner, James 
*Skinner, M. G. 
*Skirrow, W. A. 
Slater, James A. 
Slocum, Frank S. 
*Sly, E. W. 
Smith, Austin D. 
Smith, Blaine 8. 
*Smith, David H. 
*Smith, Dudley J. 
Smith, F. K. 
Smith, Fred O. 
*Smith, H. W. 
*Smith, M. §. 
*Smith, P. M. 
*Smith, Reed R. 
Smith, Samuel Lewis 
*Smith, Theo. 
*Smith, W. C. 
Smith, W. W. 
*Smyth, W. B. 
*Snodgrass, H. E. 
Snyder, George T. 
Snyder, Q. S. 
Snyder, W. P. 
Snyder, W. T. 
Soderberg, A. W. 
Solomon, Max 
*Sommer, Henry 
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